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ABSTRACT 
This thesis presents a pollen analytical reconstruction of mallee vegetation history in the 
vicinity of Lake Tyrrell, a large active salt lake in semi-arid northwestern Victoria. The 
project combined studies of the modern pollen rain, pollen depositional processes and 
sedimentological characteristics of lake deposits to provide an analytical framework 
appropriate to the interpretation of fossil pollen spectra fromthe novel salt lake setting. 
Pollen trapping in northwestern Victoria and western New South Wales indicates that the 
characteristic plant communities of semi-arid southeastern Australia can be identified 
from the pollen spectra they produce. 
Mallee heath communities produce spectra containing a diverse array of heathland taxa 
with limited pollen dispersal capacities, including Banksia, Baeckea behrii, Cryptandra 
and Calytrix tetragona. Mallee heaths also produce large amounts of Callitris pollen but 
can be distinguished from Callitris woodlan~ by the regular presence of pollen from 
restricted heathland taxa. 
Pollen spectra from chenopod shrublands are characterised by overwhelming dominance by 
Chenopodiaceae pollen. Other halophytic taxa often represented include Selenothamnus 
and Disphyma. 
Riverine forests produce pollen spectra dominated by Eucalyptus. ,Mu ehlenbeckia 
cunninghamii and Amyema pollen occur commonly. It may be possible to identify pollen of 
Eucalyptus camaldulensis in fossil assemblages allowing this community to be more 
clearly delineated in the fossil record. 
Mallee communities can be distinguished from eucalypt dominated communities in moister 
areas by producing pollen spectra containing relatively high percentages of chenopod 
pollen and low percentages of grass pollen. Eucalypt woodlands in areas receiving more 
than 400 mm mean annual rainfall produce pollen spectra containing appreciable 
quantities of Callitris pollen. 
No relationship could be discerned between pollen production and rainfall in this study. 
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Pollen trapping at Lake Tyrrell suggests that the majority of pollen arriving at the lake 
surface is wind borne. Few are washed from the lake margin or imported down Tyrrell 
Creek. This contrasts strongly with the situation in humid areas where pollen washed 
from the catchment or carried in creeks are a significant part of a lakes pollen budget. 
Pollen reaching the surface of Lake Tyrrell are rapidly redistributed and are 
preferentially deposited in areas marginal to the persistent salt crust. Maximum pollen 
concentrations occur on relatively high parts of the lake bed, again contrasting strongly 
with models derived from permanently wet lakes where maximum deposition of pollen 
occurs in the deepest parts of the basin. 
The sediments of Lake Tyrrell record a history of hydrological change extending to 
approximately 10,000 BP. Between 10,000 BP and 6600 BP water in Lake Tyrrell was 
shallow, saline and probably ephemeral. Water depths and the frequency I duration of 
flooding were most likely similar to those experienced today but there was no persistent 
salt crust. 
Between 6600 BP and 2200 BP the lake was a permanent though fluctuating waterbody. 
The lake waters were saline throughout this period. Water balance calculations suggest 
average rainfall in the lake catchment would have been approximately 2.6 times modern 
levels between 6600 BP and 2200 BP. 
The lake was dry between 2200 BP and 800 BP. The local groundwater table fell below the 
lake bed. There was no salt crust until about 800 BP when rainfall increased slightly 
allowing local watertables to rise and modem salt lake conditions to develop. 
Changes in vegetation around Lake Tyrrell occur in association with changes in rainfall. 
Between 10,000 BP and 6600 BP Lake Tyrrell was surrounded by open woodland dominated 
by Allocasuarina . Eucalyptus and Callitris were probably present in limited areas. 
At 6600 BP mallee communities began to dominate the landscape. It is likely the 
appearance of mallee reflects the arrival of mallee eucalypts spreading from refugial 
areas occupied during the last glacial maximum. Callitris patches were a prominent 
element of the regional vegetation during this the wettest interval in the Holocene record. 
They appear little affected by the active fire regime of the times. 
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Between 2200 BP and 800 BP mallee persisted and Allocasuarina experienced a modest 
expansion. Callitris declined drastically. The dense mallee vegetation which surrounded 
the lake at the time of European settlment was established after 800 BP. 
The history of Holocene environmental change identified from Lake Tyrrell provides a 
possible explanation for the patterns of archaeological site distribution observed in the 
Mallee Districts of northwestern Victoria. 
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CHAPTER 1 
Introduction 
1.1 Introduction 
The study of pollen grains preserved in sedimentary deposits has a long and distinguished 
history in the annals of palaeoecology. Since the pioneering work of von Post in the early 
years of this century, much effort has been devoted to the analysis of palynofloras as a 
means of reconstructing vegetation histories, characterising palaeoclimates, and tracing 
the course of palaeoclimatic change. More recently, efforts have been made to improve 
the resolution of pollen analytical techniques by applying advanced statistical methods 
to closely sampled and dated sequences (Walker and Pittelkow 1981, Green 1983, Green 
and Dolman 1988). 
Fine resolution pollen studies have the potential to contribute a substantial temporal 
component to studies of processes operating within existing plant communities. This 
allows an improved understanding of the sequence of events which have moulded that 
plant community of interest and represents an important new avenue of research, blending 
the techniques of modern quantitative ecology with those of palaeovegetational 
analysis. Another equally important recent advance in the field of palaeoecology is the 
recognition that a wide range of environments can be made to yield palaeoecological 
information through pollen analysis. 
1.2 Pollen analysis in Australia; historical development 
In Australia, pollen analytical investigation of the extensive deposits of Tertiary age 
encountered during water boring and mineral exploration began during the 1940s (Cookson 
1945), but it was not until the early 1960s (Churchill 1960) that Quaternary lakes and 
swamps were cored and analysed. Even as late as 1968 it was possible for de Jersey to 
write: 
"only one or two papers incidental to the main field of Quaternary palynology and 
dealing with Acritarchs have been published." 
Since then, research in Quaternary pollen analysis has blossomed, and during the last 10 
to 15 years an active nucleus of workers has grown up around imported pollen analysts 
working in Australian universities. 
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The influence of European views of pollen analysis, and of the sites suitable for pollen 
preservation at that time, has led to a marked concentration of effort into those few areas 
with high enough effective precipitation to form peat and organic lake deposits. 
Macphail {1982) points out, that the pollen sites analysed to date cluster along the 
eastern seaboard, with inland extensions to the Eastern Highlands. There is a more 
general scatter of study sites throughout Tasmania, and there are now several sites of 
intensive study on the Atherton Tableland in north Queensland (Fig. 1.1 ). 
A number of exceptions to this pattern stand out. H.A. Martin (in Gould 1977) analysed 
samples collected during.archaeological excavation of the Puntutjarpa rock shelter in the 
Great Victoria Desert. She also analysed a series of samples from three rock shelters on 
the Nullarbor Plain (H.A. Martin 1973), and several samples from an excavation in 
shoreline deposits of Kow Swamp, an extinct lake in north western Victoria (H.A. Martin, 
in Wright 1975). 
Ingram (1969) recovered pollen from desiccated carcases found in Thylacine Hole, Western 
Australia, and Singh ( reported in Tedford 1973) studied the pollen associated with 
Diprotodon skeletons at Lake Callabonna, South Australia. These early arid land studies 
demonstrated that pollen is preserved in the Australian dry country sediments, but with 
the exception of Martin's (1973) Nullarbor Plain work, yielded little vegetational or 
palaeoclimatic data. 
Although precedents have existed since the 1930s in the southwestern United States 
(Sears 1937), it was left to Singh (1981) to apply radiocarbon dating and detailed pollen 
analyses to an Australian salt (playa) lake. The success of this study has opened the way 
to intensive investigation of pollen records likely to be preserved in the numerous salt 
lakes which characterise large areas of this continent. 
Emphasis on pollen analyses from salt lakes in the Australian context is advised. 
Whereas P.S. Martin (1963) could profitably investigate palynofloras preserved in 
alluvial sequences of the American southwest, taking advantage of good exposures and 
considerable geomorphological analysis of flood plain depositional systems, this 
approach is not generally applicable in Australia. Here there is little agreement as to 
causes of channel aggradation and incision, especially during Holocene times. For 
example, whilst Hughes and Sullivan (1981) argue for a primarily human cause of valley 
aggradation in the Sydney region, Williams (1978) suggests a climatic cause. In semi-arid 
areas insufficient data are available to advance any hypotheses at all. Exposure of 
alluvial sequences in the arid and semi-arid area is generally poor. The sediments are 
FIG. 1.2. Map of southeastern Australia showing location of Lake Tyrrell 
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difficult to date (Bowler 1967), and those fluvial systems present tend either to be relict 
features from Pleistocene megalake events, or rivers large enough to buffer all but the most 
major changes in hydrological regime. 
In contrast, Australian salt lakes have proved amenable to geomorphological and 
sedimentological studies (Bowler 1976, Teller et al 1982, Bowler and Teller 1986 ). Fades 
analysis of salt lake sediments and associated shoreline features can provide a detailed 
depositional history reflecting changes in a range of palaeoclimatic parameters, and 
giving the palynologist an independent means of testing conclusions reached from the 
pollen data. Pollen in salt lake sediment is often abundant and well preserved (see Singh 
1981). Close interval sampling can be employed with little difficulty. 
When the problems of uncertain pollen provenance and probable re-deposition of pollen 
inherent in alluvial pollen studies (Martin 1963, Grichuk 1967) are also considered, salt 
lake sites are even more attractive in comparison. There are obviously many problems in 
using salt lake palynofloras, including the likelihood of sporadic deposition or in the 
longer term, phases of erosion but if appropriate care is taken, these difficulties can be 
overcome. 
1. 3 Applications of salt lake palynolon 
Pollen analysis can provide a useful additional approach to a range of problems in arid 
land research.The considerable age of many Australian salt lakes (Bowler 1976, Bowler 
and Teller 1986) gives an opportunity to examine post Tertiary trends in the evolution and 
spread of arid adapted floras. There is also potential to add a chronological component to 
patterns of change deduced from plant distribution or taxonomic data which have 
provided the backbone of Australian arid land palaeobiogeography (for example, see 
Burbidge 1960, Carolin 1982, Buckley 1982 ). 
Long pollen sequences from salt lakes can provide a biological record for the dramatic 
changes which have taken place in Australian arid landscapes throughout Quaternary 
time. Work at Lake Frome (Bowler 1986, Callen 1984, Loffler and Sullivan 1979),in 
northwestern Victoria (Macumber 1983, Bowler and Teller 1986) and western New South 
Wales (Bowler 1970, 1986) has suggested the existence of "mega-lake" conditions in many 
areas of arid Australia during the Pleistocene. At present there is no known record of 
vegetation response to the changes in climate implied by these events. Similarly, there is 
no information available at present as to the nature of vegetation modifying subsequent 
phases of aeolian activity although the vegetation is a critical factor in the 
4 
interpretation of features such as source-bordering dunes in the Murray Basin (Bowler 
1970). 
On a shorter time scale, analyses from sites far removed from the effects of post glacial 
marine transgression makes possible a less equivocal interpretation of the role played by 
synoptic rainfall in vegetational changes. Similar comments may apply to sites away 
from areas of high relief, where temperature thresholds markedly affect levels of 
effective precipitation. 
Walker (1975) recognised the strategic location of salt lakes in southeastern Australia 
with respect to important environmental gradients, especially the position of the summer 
/ winter rainfall boundary. In the semi-arid areas of northwestern Victoria, where 
vegetation patterns comprise a delicately balanced blend of mesic and xeric elements 
(Noy-Meir 1974), salt lakes are well placed to record the comparatively subtle effects of 
climatic and vegetational changes during the Holocene. 
Pollen data from salt lakes in the Rajasthan Desert of India (Singh et al 1972, 1974) have 
already been used to model monsoon behaviour at a period critical to the rise and fall of 
the Indus Valley Culture (Bryson and Swain 1981, Swain et al 1983 ), and there is every 
prospect of further work of this kind being possible. Use of palaeoclimatic data from 
previously intractable areas can only improve the reliability of more general models of 
past atmospheric circulation by making available more comprehensive data sets. 
1.4 Project aims 
The preceding section is intended to indicate the value of analysing arid and semi-arid 
pollen sequences. In Australia this would effectively open 70 percent of the continent to 
palynological research, with attendant improvement in our knowledge of 
palaeoecological pattern and process. 
The aims of this project are twofold: 
(1) to reconstruct a vegetational history from semi-arid northwestern Victoria as a 
first step towards filling the gap between records from Lake Frome, sites in the Eastern 
Highlands and those from the Mount Gambier region of the southern coastline of 
Australia; 
(2) to investigate some of the processes affecting pollen accumulation and re-
distribution in a salt lake environment. 
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Lake Tyrrell, a large active salt lake lying some 350 km north west of Melbourne (Fig. 1.2) 
was eventually selected as the most suitable site and work carried out there forms the 
basis of this thesis. 
L. Frome 
~LT~ 
FIG. 1.2. Map of southeastern Australia showing location of Lake Tyrrell 
2.1 Introduction 
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CHAPTER2 
Late Quaternary Palaeoenvironments -
The Australian Evidence 
A number of reviews summarising Australian evidence for Late Quarternary environmental 
change have appeared in recent years ( Bowler et al 1976, Walker 1975, Kershaw 1981, 
1988, Walker and Singh 1981, Singh 1982, Chappell and Grindrod 1983, Dodson 1989, 
Hope and Kirkpatrick 1988 ). Other authors have concentrated on regional evidence from 
northeastern Queensland (Kershaw 1975), Tasmania (Macphail 1979) and Western 
Australia (Merrilees 1979,Wyrwoll 1979). This chapter is not intended to duplicate these 
reviews, but to emphasise trends in environmental change before concentrating more 
specifically on records from arid and semi-arid areas. 
2.2 Pa}aeoenviron.ments of the humid frinie 
2.2.1 Northern Australia 
Pollen analyses from Lynch's crater on the Atherton Tableland in northeastern Queensland 
(Fig. 2.1) document dramatic changes in the relative abundance of rainforest and 
sclerophyll vegetation through the last interglacial and beyond (Kershaw 1978, 1985 ). A 
marked decrease in rainfall at about 79,000 year BP caused the replacement of complex 
rainforest by a moist forest featuring an abundance of emergent Araucaria (Kershaw 1980). 
At the same time, sclerophyll vegetation occupied areas of less favourable soil 
surrounding the crater. Kershaw (1980) suggests rainfall to have been approximately half 
the modem value during this interval, though slightly higher levels occurred between 
about 63,000 year BP and 50,100 year BP. A further decrease in rainfall at about 38,000 
year BP allowed sclerophyll vegetation, dominated by Eucalyptus and Casuarina, to 
expand and replace the araucarian rainforests (Kershaw 1975, 1976, 1985 ). A 
simultaneous increase in the concentration of carbonized particles led Singh et al (1981) to 
suggest that fire, possibly associated with the arrival of man on the Tablelands, may 
have had a role in restricting the competitive ability of the fire sensitive rainforests 
during this period of climatic stress. By about 26,000 year BP, sclerophyll vegetation had 
completely replaced the rainforest, and remained dominant until rainforest began to re-
appear at around 8500 year BP (Kershaw 1983). Rainfall levels may have recovered prior 
to this however, as swamp taxa and ferns associated with earlier rainforest intervals had 
begun to rise in importance by 10,400 year BP, leading Kershaw (1983) to suggest that 
migration of rainforest taxa lagged significantly behind the changing climates. An 
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alternative explanation, based on high carbonised particle contents of the sediment, 
suggests that fire may have impeded the replacement of fire adapted sclerophyll 
communities by rainforest (Kershaw 1983). 
The replacement of sclerophyll vegetation by rainforest does not directly parallel modem 
rainfall gradients, however, with part of the complexity probably resulting from 
migration of rainforest from a number of isolated refugia at differing distances from the 
lakes (Ash 1983). Within the Holocene rainforest interval, a progressive change from 
temperate to tropical forest can be discerned, with temperatures rising from about 3oc 
lower than the present (Kershaw 1980) to averages slightly above the modem in the early 
and mid Holocene (Kershaw 1981 ). 
During the last 3000 years, precipitation and temperature apparently approached modem 
levels (Kershaw 1980, 1981), accompanied by partial replacement of complex tropical 
forest by sub-tropical rainforest and sclerophyll vegetation (Kershaw 1980). 
Some support for the notion of raised precipitation in northern Australia during mid 
Holocene times comes from Jennings (1975). The growth of mangroves on hypersaline flats 
in the estuary of the Fitzroy River, northwestern Western Australia, is limited by the 
combined effects of low annual rainfall and a long dry season. The occurrence of large 
mangrove stumps radiocarbon dated to between 7500 BP and 6000 BP is taken to imply 
substantially greater rainfall than the 600 mm which sustains the present stunted 
community (Jennings 1975 ). A contrary view is put by Woodroffe et al ( 1985 ) and 
Woodroffe ( 1988 ) , based upon detailed stratigraphic analysis of estuarine systems in the 
Alligator River region of the Northern Territory. Mangroves in the Alligator River 
appear to have thrived during mid Holocene times after sea level stabilised, but 
subsequent aggradation of the valley displaced the mangroves from their previous 
strongholds, and subjected the surviving stands to increased environmental stress unrelated 
to any changes in climate. A similar mechanism may well have applied in the Fitzroy 
River system. 
Stocker (1971) finds little evidence of changing vegetation or climate on Melville Island 
during the last 8000 years. The retreat of monsoon forests implied by the occurrence of 
ancient jungle fowl mounds in sclerophyll woodlands probably owes more to the active 
burning regime pursued by local Aboriginal peoples (Jones 1969) than to climatic factors. 
2.2.2 Southeastern highlands 
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At Lake George on the southern Tablelands of New South Wales ( 673 metres above sea 
level ), several avenues of research provide remarkably consistent records of hydrological, 
vegetational and climatic changes over the last 730,000 years (Singhet al 1980, Singh and 
Geissler 1985, De Deckker 1982b). Pollen analyses indicate treeless conditions existed 
around the Lake during the last glacial maximum (about 22,000 BP to 18,000 BP). After 
18,000 BP a transitional community containing cool temperature taxa such as Astelia, 
Lycopodium varium and Cyathea sp developed in sheltered areas around the lake, while 
on more open slopes, a Plantago dominated sward grew in conjunction with scattered 
Casuarina and Eucalyptus. Fire pressure, both anthropogenic and natural, probably 
helped suppress the development of tall open forest in post glacial times, leaving the way 
open for dominance of the lake surrounds by more fire tolerant low open woodland (Singh 
et al 198~, Singh and Geissler 1985). 
Analyses of ostracod faunas from Lake George provide a detailed hydrological record 
covering the last 60,000 years (De Deckker 1982b). The results are in general agreement 
with those of lake sediment analyses (Bowler, in Singh et al 198 0), dating and 
interpretation of abandoned shorelines (Coventry 1976, Coventry and Walker, 1977), and 
analyses of algal microfloras from lake clays (Singh et al 1980, Singh and Geissler 1985). 
During the last glacial maximum the lake was dry, but had risen to become permanent and 
mainly fresh between 17,400 BP and 15,600 BP (De Deckker 1982b). Lake levels fell 
between 15,600 BP and 13,500 BP, with salinity reaching 42 parts per thousand at 
particularly low stands. De Deckker (1982b) considers the phase between 13,500 BP and 
12,200 BP transitional, with salinity gradually decreasing and water levels rising 
towards a high lake stand which lasted from 12,200 BP until about 8500 BP. Highest 
levels and freshest waters occurred between 12,200 BP and 10,200 BP. After 8500 BP the 
lake was ephemeral, with occasional freshwater pulses (eg 3200-4000 BP, 7000 BP, 7500 
BP) interspersed with more saline episodes. A high lake event identified between 5500 
BP and 6500 BP by Singh et al (1%()) and by Coventry (1976) could not be detected in the 
ostracod assemblages (De Deckker 1982b). The sensitivity of Lake George to short term 
changes in water balance, even in its present ephemeral guise, makes it unlikely that the 
exact sequence of changes in lake behaviour will be recorded elsewhere, but the very 
detailed accounts available make it an important reference site for comparison with other 
closed lakes. 
Further south, in the Snowy Mountains, geomorphological and palynological work has 
been carried out over a number of years. There is clear evidence of limited cirque and 
valley glaciation of the highest elevations during the Pleistocene (Peterson 1971). A 
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considerably greater area was affected by periglacial phenomena. The beginning of ice 
retreat is not adequately dated, but was probably before 20,000 years ago (Costin 1972), 
and was essentially complete by 14,500 BP. Small ice bodies may have persisted until 
about 9000 BP in especially well protected sites. At the peak of the last glacial episode 
mean annual temperatures may have been six degrees C below present. Summer 
temperatures may have been depressed by between six and 10 degrees C (Galloway 1965). 
These figures compare well with an estimated eight to 10 degree C decrease at Lake 
George (Singh and Geissler, 1985). 
Pollen analyses by Raine (1974) and A.R.H. Martin and Polach (198l) provide a history of 
vegetational colonisation of several cirques after their abandonment by ice. In the 
Twynham Cirque ( approx. 2000 metres a.s.l.), short alpine herbfields had become 
established by 16,500 year BP (Raine 1974). By 13,000 BP bog and tall alpine herbfield 
communities occupied favourable sites. After about 9000 BP, pollen production increased 
rapidly and treelines rose, reaching modem altitudes by 8600 BP (Raine, 1974), Martin 
and Polach (1982) agree with the inference of lower treelines at 10,000 BP but data from 
Club Lake (approx. 1860 metres a.s.I.) imply treelines continued to rise until some time 
after 3000 BP. Both Raine and Martin recognise increased representation of pollen from 
tall open forest plants such Pomaderris and Dicksonia , in response to increased rainfall. 
At Blue Lake ( approx. 1880 metres a.s.l.), maximum values for tall open forest pollen 
occur between 7000 BP and 6500 BP. Minimum values, indicating reduced precipitation, 
occur between 3800 BP and 1700 BP. Re-activation of periglacial soil terraces, implying 
either a three degree (C) reduction in temperature or reduced snow cover (Costin et al 
1967), seems to coincide with the minimum values for tall open forest pollen in the Blue 
Lake pollen diagram. 
At lower altitudes, Ladd's (1979b) study of pollen from swamps on the Delegate River ( 
900 metres a.s.l.) yielded little evidence of regional vegetational or climatic change in the 
8000 years since woodlands colonised the area around his site. Prior to 8000 BP, regional 
vegetation was dominated by tall alpine herbfield or grassland, leading Ladd (1979b) to 
conclude that mean annual temperatures were some five degrees (C) lower than present in 
the interval between 12,000 BP and 8000 BP. At nearby Jackson's Bog (approx 800 metres 
a.s.l.), Southern (1982) found replacement of heath or grassland by Eucalyptus woodland 
to have occurred soon after 12,000 year BP. "Optimum" conditions, as defined by increased 
percentages of tall open forest pollen types, prevailed between 12,000 BP and 4000 BP, 
with a second "optimal" period between 2700 BP and 2000 BP. Sites from highland 
Victoria add little detail to the information outlined so far. Two sites, Bunyip Bog ( 1330 
metres a.s.l.) (Binder and Kershaw 1978) and Crystal Bog ( approx. 1300 metres a.s.l. ) ( J. 
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Williams 1980), both lying atop the Buffalo Plateau, show phases of slope instability 
comparable in age to those from the Kosciusko area. Pollen assemblages from this time are 
interpreted as reflecting decreased temperature and precipitation following the mid 
Holocene. A subsequent surge in Sphagnum growth, occurring at around 2500 year BP on Mt 
Buffalo (Williams 1980) and at Jackson's Bog (Southern 1982) is thought to indicate 
improved effectiveness of precipitation. While characteristics of individual bogs must be 
considered, the widespread upsurge in Sphagnum growth during the last 2000 years 
(Kershaw 1981) seems to be a response to environmental changes of regional significance. 
2.2.3 Tasmania 
Tasmania was the area most affected by ice accumulation during the Pleistocene (Peterson 
1971), and changes in vegetation since glacial retreat have been correspondingly marked 
(Macphail 1975, 1979, Hope 1978, Macphail and Jackson 1978). Soon after the onset of 
glacial retreat, at about 12,000 BP (Macphail 1975), herbaceous vegetation dominated 
most of the island. In some areas, there is a suggestion of Chenopodiaceae steppe 
vegetation, similar to that found in the present semi-arid areas on the mainland 
(Macphail 1975). At Hunter Island off the northwest coast of Tasmania, Hope (1978) found 
indications of an increasingly open shrubby vegetation with an important component of 
Asteracene pollen, and suggests this vegetation extended over large areas of the Bassian 
Plain exposed during glacial low sea levels. He also detects floristic similarities with 
semi-arid steppe, though elements of high altitude woodlands communities were also 
present. 
Treelines during glacial periods were considerably depressed, with aridity playing a role 
in forcing treelines below theoretical levels calculated solely using lapse rates (Macphail 
1979). The presence of extensive aeolian sand sheets, and evidence of Junette building over 
wide areas of the midlands of Tasmania (Sigleo and Colhoun 1915) further argue that 
decreased precipitation and strong winds were prominent components of the glacial 
climate. 
By 11,500 BP, temperatures and precipitation had begun to rise, but were still below 
modem levels at 9500 BP (Macphail 1979). Recovery of arboreal vegetation appears to 
have been diachronous, occurring earlier in the west than in the east of the island. Early 
recovery in western areas conforms to modem precipitation gradients, and supports 
arguments for an intensified westerly circulation during the Pleistocene (Derbyshire 1972, 
Macphail 1975 ). Climatic amelioration between 11,000 BP and 9000 BP was rapid. The 
basic framework of the modem day Tasmanian vegetation was established at this time. 
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A rise in the representation of tall open forest taxa during early and mid Holocene times is 
interpreted as indicating moister and probably warmer conditions. In the late Holocene 
tall open forest taxa declined, giving way to a more open vegetation featuring Dodonaea 
and Casuarina (Macphail 1979). The trend to more open late Holocene vegetation is likely 
to be climatically controlled, rather than a response to increased burning (Macphail 1975), 
but there are few carbonised particle counts to decide the issue. 
In contrast to Macphail's view of a relatively wet mid Holocene, Davies (1974) had 
previously suggested that the period between 7000 BP and 3000 BP was drier, as well as 
warmer, than the present. Later work by Colhoun et al (1982) demonstrated that the 
features studied by Davies are of Pleistocene, and not Holocene, age. 
2.2.4 Western Australia 
As elsewhere, the palaeoenvironmental record from Western Australia contains evidence 
of widespread aridity during the last glacial maximum, but the dating of significant 
events is, for the most part, unsatisfactory. There are indications that some environmental 
changes were inverse to their counterparts in the east of the continent. 
Some evidence from the southwest of the state indicates an overall increase in moisture 
availability at the end of the Pleistocene. At Devil's Lair, dry country taxa such as the 
ghost bat (Macroderma gigas) contracted their ranges in the early Holocene, indicating 
improved moisture relations, with attendant changes in vegetation (Balme et al 1978). 
Other workers consider the Holocene to have remained relatively dry. In an analysis of 
shell faunas from the upper Suan River estuary, Kendrick (1977) argues a case for 
markedly reduced runoff from the catchment between 6700 BP and 3300 BP. Frank (1971) 
could find no indication of reduced aridity in mammalian faunas from Koonalda Cave, 
while Lowry and Jennings (1974) consider the preservation of desiccated carcases in caves 
on the Nullabor Plain positive evidence of continuing aridity since the animals died 
between 4600 and 3300 years ago. 
Churchill (1968) provides one of the most detailed and sophisticated treatments of pollen 
data from Holocene sequences in Western Australia. Distributions of three species of 
Eucalyptus (E. marginata, E. calophylla and E. diversicolor) were found to be largely 
controlled by precipitation, especially average rainfall in the wettest and driest months. 
Ratios of the two most responsive taxa (E. diversicolor and E. calophylla) were then used 
as indices of effective precipitation in pollen assemblages from a number of coastal lakes 
and swamps. However, only one site, Boggy Lake, has a sequence extending beyond 2500 
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BP. Maximum precipitation was seemingly attained between 6000 BP and 5000 BP, after 
which time drier conditions prevailed. The driest period occurred about 3200 BP, but dry 
conditions persisted until 2500 BP. A short wetter phase lasted between 2500 BP and 1200 
or 1500 BP, when drying again set in. Rainfall began to rise toward modem levels after 600 
to 800 BP. 
The regional significance of Churchill's conclusions are difficult to assess . Whilst 
evidence from eastern Australia closely parallels the Boggy Lake sequence, Kendrick's 
(1977) arguments for decreased freshwater flow in the Swan River between 6000 BP and 
3000 BP ar~ very persuasive. Kendrick's conclusions are supported by archaeological 
excavations on the Swan River terraces (Pearce 1978), and find passive support from the 
faunal and geomorphological works cited above (Lowry and Jennings 1974). The location of 
Boggy lake within the core distribution of both E. calophylla and E. diversicolor reduces 
its value as a test site. Similarly, it is difficult to eliminate the effects of marine 
transgression from climatic signals in pollen records from coastal sites (H.A. Martin 1973, 
Hooley et al 1980). Channel morphology of the Swan River estuary would limit the effect 
of sea level changes on molluscan faunas studied by Kendrick (1977) but increased 
evaporation in a warmer mid Holocene may also have affected runoff from the catchment. 
2.2.5 The basalt plains - southeastern South Australia and western Victoria 
Maar lakes in the volcanic province of southeastern South Australia and southwestern 
Victoria have proved to be extremely sensitive recorders of hydrological change. 
Complementary studies of sediment facies (Bowler and Hamada 1971), palaeomagnetism 
(Barton and Barbetti 1982), limnic microfossils (Yezdani 1970, Tudor 1973, De Deckker 
1982a) and pollen (Dodson 1974 a, b, 1975 a, b, 1979) have documented events which can be 
traced widely across the continent. Studies from the limestone and dune terrain fringing 
the basalt plains have also proved informative. 
Early papers by Crocker (1941, 1944), Crocker and Wood (1947) and Browne (1945) 
advanced evidence for a phase of Holocene aridity in southeastern South Australia. This 
arid phase was immortalised by Gill (1955) as the Australian Arid Period, and still 
colours thinking of some workers, particularly in arid environments ( Noble and Mulham 
1980, Beadle 1981). Chronology of the "Australian Arid Period" rests largely upon 
interpretation of radiocarbon dates and stratigraphy at Lake Colungulac, but received a 
measure of support from Wakefield (1972) who considered mid Holocene faunas from 
McEacheam's Cave to contain a substantial proportion of taxa adapted to semi-arid 
habitats. 
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Re-assessment of the Lake Colungulac data, and the inclusion of dated sequences from 
nearby Lake Corangamite led Bowler (1970) to argue a Pleistocene age for crucial events in 
the sequence, rather than the Holocene age preferred by Gill (1955). Careful excavation 
supported by numerous radiocarbon dates at McEachearn's Cave ( J. H. Hope and 
Wilkinson 1982) have similarly modified Wakefield's (1972) conclusions. In this instance, 
Wakefield's date of 15,000 year BP was rejected as spurious, with ages of 24,000 BP or 
28,000 BP considered more accurate. The small proportion of semi-arid taxa (principally 
Bettongia leseur ) was found to occur throughout the sequence, with no increase in mid-
Holocene times. Wakefield's (1972) support for increased aridity in the mid Holocene was 
considered unfounded. An alternative palaeoenvironmental history is available from the 
lakes of the basalt plains. 
Prior to 10,000 BP, water levels in most lakes were low, with minimum water levels 
between 15,000 BP and 10,000 BP. Assuming an average temperature depression of three to 
four degrees, Walker (1975) calculated precipitation to have fallen to 60 percent of modern 
values. Water levels began to rise after 10,000 BP, with slight individual variation in 
timing for each lake. At Lake Keilambete, soil formation on the lake floor was replaced 
by deposition of sandy dolomitic muds under shallow saline waters. These conditions 
persisted until 7000 BP, when lake levels began to rise, peaking between 6500 BP and 5000 
BP (Dodson 1974, 1975, 1979,Bowler 1981). After 5000 BP levels began to fall; minimum 
levels were reached between about 3500 BP and 3100 BP. Low levels persisted until at 
least 1800-1850 BP, when rising waters drowned trees inside the craters of Lakes 
Keilambete (Bowler 1970, Bowler and Hamada 1971) and Bullenmerri (Gill 1971). 
Relatively high lake levels have prevailed during the past 1500 years, though the level 
of Lake Keilambete has fallen some 16 metres since the latter half of the nineteenth 
century (Dodson 1974 ). The recent decline in lake levels is common to all three lakes 
studied by De Deckker (1982 a). A slight rise in temperature measured during the period 
has produced hydrological change on a scale equivalent to those occurring earlier in the 
Holocene (Bowler 1970). These apparently major changes in hydrological regimes are not 
clearly mirrored in pollen records of the regional vegetation. 
The long pollen records from Lake Leake and Wyrie Swamp (Dodson 1974 1975b, 1977) 
indicate predominance of an open Eucalyptus dominated woodland between 35,000 BP and 
10,000 BP, with a relatively rich understorey of Asteraceae, Chenopodiaceae and 
Poaceae. 
At Lake Bullenmerri, Callitris is a significant contributor to pollen floras from at least 
16,100 BP until about 10,000 BP (Dodson 1979). The combination of Callitris with high 
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percentages of Chenopodiaceae and Asteraceae pollen lends the assemblage a distinct 
semi-arid character, and parallels Hope's (1978) suggested expansion of vegetation with 
semi-arid affinities in glacial and postglacial times. The apparent absence of significant 
proportions of Callitris pollen in other sites on the volcanic plains may owe more to 
edaphic factors and the difficulty of identifying Callitris pollen, than to climatically 
controlled absence from the vegetation. 
After 10,000 BP the Callitris woodland at Lake Bullenmerri was replaced by an open 
Eucalyptus-Casuarina woodland, which still occupied the area at the time of European 
settlement. In other sites, Casuarina stricta ( now Allocasuarina verticillata , Wilson and 
Johnston 1989) became the dominant tree element of pollen diagrams. The increased 
occurrence of Casuarina stricta pollen is considered by Dodson (1977, 1979) to represent a 
regionally significant migration of the species, but the reasons behind it are unknown. 
Percentages of Chenopodiaceae and Asteraceae pollen decreased after about 10,000 year 
BP, and there was some adjustment in the relative distributions of wet and sand heaths, 
but in general little vegetational change can be discerned from Holocene pollen 
assemblages. 
The muted response by terrestrial vegetation to apparently major hydrological events is 
puzzling. Dodson (1974 a) advanced two possible explanations. The heavy clay soils 
derived from weathering basalt may be more limiting to vegetation than are changes in 
water availability, or the lakes are so sensitively balanced that the magnitude of 
hydrological changes influencing lake levels may be overestimated. This second 
possibility is particularly significant as the basin morphology of maar lakes produces 
considerable changes in depth with relatively little input of extra water. As closed 
basins, the lakes also respond directly and rapidly to changes in the balance between 
evaporation and precipitation. A case in point is the marked lowering of lake levels 
during the past century. 
2. 3 Palaeoenvironments of inland Australia 
The Late Quaternary environmental history of inland Australia is characterised by 
complex interactions between phases of intense aridity and phases in which fresh water 
has been a major element of the landscape. Understanding the sequence of events and 
processes of change which transformed the relatively humid, equable climates of the 
Tertiary into the xeric, highly variable regimes prevailing during the Quaternary is 
central to much research in inland areas (H.A. Martin, 1978,1989 Bowler 1976, 
1982,Truswell and Harris 1982) but lies well beyond the temporal scope of this chapter. 
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There is mounting evidence of marked biological geomorphological and climatic changes 
associated with the onset and evolution of the last glacial episode in semi-arid areas. 
These changes are best documented from the Willandra Lakes of western New South 
Wales, and represent the latest in a series of climate cycles which moulded the suite of 
landforms characteristic of arid and semi-arid regions. 
The Willandra Lakes are a series of dry lakes whose bordering lunette complexes record a 
detailed history of Late Quaternary lake behaviour and climatic change. The lakes were 
formerly maintained by overflow from the Lachlan River, and thus partially reflect 
conditions prevailing in catchment areas of the Eastern Highlands of central New South 
Wales (Bowler 1970). 
Strongly developed palaeosols in lake and dune sediments point to a long history of 
environmental change in the area. The most recent major lacustrine episode (the Mungo 
Lacustral Phase of Bowler1980) began some 50,000 years ago (Bowler 1986 ), probably in 
response to decreasing temperature and evaporation in the highland catchments of the 
Lachlan River (Bowler 1970). Equivalent high lake levels are known from Lake George 
(Singh et al 1981 b, Singh and Geissler 1985 ), Lake Leake (Dodson 1975) and Lake Tyrrell 
(Macumber 1983, Bowler and Teller 1986). 
Deposition of the sandy sediments associated with the Mungo lacustral phase ended 
about 26,000 BP, giving way to a period of clay pellet formation and mobilisation 
indicative of low lake levels, intense seasonal drought and strong, uniformly oriented 
summer winds (Bowler 1970). Aeolian clays deposited on the Lake Mungo lunette during 
this phase are termed the Upper Mungo unit. The Upper Mungo depositional system 
persisted until about 22,000 BP when the lakes dried, and a weak soil formed on the 
lunette surfaces. 
A brief re-activation of the lakes occurred at about 26,000 BP, but quickly gave way to 
intensive clay pellet formation and the accumulation of a second clay unit (the Zanci Unit) 
on the Lake Mungo Junette. The two cycle deposition seen in the Mungo lunette is typical of 
many lunettes in semi-arid Australia, and while the onset of Zanci style deposition may 
vary in age, termination is an event of regional significance, with final activity in many 
lakes occurring between 17,000 BP and 16,000 BP (Bowler 1976, Sprigg 1979, Gill 1971, 
1973). Similar ages were obtained by Bowler (1970) from lunettes in Western Australia. By 
15,000 BP, lunette activity was virtually at an end. 
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Simultaneous with Zand age clay pelletisation at Lake Mungo is an increase in the 
occurrence of red dune sands (Wiistenquartz) in cores from the lake floor. This implies re-
activation of linear dunefields west and south of the Willandra lakes (Bowler 1970). 
Dates from similar dunes at Nyah West (Bowler 1980) and Ouyen (Gill 1971) also 
indicate sand mobilisation at this time. 
On the western flank of the Flinders Ranges, G.E. Williams (1973) reported active 
accretion of seif dunes during the interval between 24,000 BP and 16,000 BP. Wasson (1983) 
found accumulation and downwind extension of linear dunes to have occurred between 
24,000 BP and 13,000 BP in the Simpson and Strzelecki dunefields. Mobilisation of the 
clay rich Mallee and pale brown Strzelecki dunes points to high salt groundwater and 
seasonal evaporation at the time of dune building (Bowler and Magee 1978, Wasson 1983). 
Groundwater, which lies well below ground level at present, must have come close to the 
level of dune swales. Vegetative cover must also have been reduced, and winds must have 
been strong (Bowler and Magee 1978). Wasson (1983) attributed stabilisation of clay-rich 
dunes in the Strzelecki Desert after about 13,000 year BP to the combined effects of 
decreasing windiness and falling water tables. The seeming paradox of high watertables 
coinciding with evidence of intense aridity elsewhere is considered by Wasson (1983) to 
reflect a delayed response to a long period of positive water balance prior to 25,000 year 
BP. Thus watertables were not in equilibrium with the prevailing climate. Groundwater 
levels had not fallen to levels inimical to clay pelletisation until about 13,000 BP. 
Along the Murray and Goulbum rivers, sediment and flow regimes leading up to, and after, 
the glacial maximum differed markedly from those of Holocene times. Beginning at about 
30,000 year BP, both river systems operated as bed load streams with lower sinuosity and 
greater wavelength than the modem channels (Bowler 1967). Source bordering dunes 
associated with these bedload channels contain feldspar and lithic fragments derived 
from rocks in highland catchment areas. The source bordering dunes, too, were active 
between 30,000 BP and 15,000 BP (Bowler 1978). High seasonal discharges would be 
required to transport the large volumes of sand involved down the channels. 
Falling river levels would then expose point bar deposits to aeolian deflation. Back 
pressure from groundwater may well have contributed to bank instability and recycling of 
sand into the deflationary mill. Implicit in this interpretation is an absence of riverain 
woodland which would otherwise have stabilised sands blown from the channels. Bowler 
(1978) supports this contention by citing the absence of large charcoal bodies or extensive 
root disturbance from Kotupna complex deposits, whereas burned tree boles and large root 
casts are common in more recent Goulbum complex bank deposits. The absence of arboreal 
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pollen from assemblages at Kow Swamp prior to 8000 BP (Wright 1975) gives at least 
local support to Bowler's conclusions. 
The period between 15,000 BP and 10,000 BP is poorly represented in the 
palaeoenvironmental record from inland Australia. Data from western Victoria (Dodson 
1974, 1979) and Devil's Lair (Balme et al 1978) suggest continuing aridity, but the 
occurrence of freshwater mussels in middens on the Lake Leagher and Lake Mulurulu 
lunettes points to a short lived pulse of fresh water at around 13,000 BP (J Balme pers 
comm, 1984). This event did not affect Lake Mungo or other lakes further down Willandra 
Creek. The pulse of fresh water seems to correspond to rising lake levels in Lake George 
(Singh et al 1981 b, De Deckker 1982, Singh and Geissler 1985), and the onset of organic 
deposition in swamps on much of the Eastern Highlands (Costin 1972). This event is 
probably related to events occurring outside the semi-arid region. Within the region, the 
changes were apparently insufficient to cross response thresholds. 
Dune systems had generally stabilised between 15,000 BP and 13,000 BP but the causes 
are probably more complex than a simple rise in water availability. For instance, in the 
clay rich dunefields of the Mallee and Simpson-Strzelecki regions falling groundwater 
levels may have had a significant role by removing salts needed to allow clay 
pelletisation in the dune swales (Wasson 1983, 1989). The dunes would then be starved of 
sediment. Ash and Wasson (1983) suggested that stability of modem dune systems in the 
Simpson desert depends upon maintenance of low wind velocities. A decrease in wind 
velocity after the last glacial maximum is implied by Bowler's (1976) analysis of 
Pleistocene synoptic patterns, and may also have played a role in bringing dune activity to 
a halt. Whatever the mechanism, dune stabilisation appears to have been synchronous 
over wide areas of the continent. 
The interval between 15,000 BP and 10,000 BP saw a period in which landscapes remained 
essentially stable, with local factors probably having a more significant role in the few 
sites containing records of the age than did regional changes. The Darling River lakes 
continued to function, though the Willandra lakes remained largely inactive. Aridity, as 
expressed by negative water balance, persisted but was probably less intense than 
previously (Bowler 1970, 1976, 1978). 
At about 10,000 BP, the arid conditions began to wane noticeably, though responses seem to 
have occurred diachronously. The Willandra lakes remained inactive, but the Darling 
River changed its course from the old inefficient sand dogged Anabranch to its modem 
channel under the impact of increased discharges (Bowler et al 1978). The style of 
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deposition also changed from a sandy bedload to a suspended silty load. A similar change 
occurred in the Murray and Goulbum Rivers (Bowler 1967). 
At Kow Swamp in northwestern Victoria, high lake and groundwater levels prevailed 
from 11,000 BP and 8000 BP (Macumber, 1977). At Pine Plain, Macumber (1980, 1983) 
described a regressive lake sequence from the dry and vegetated modem plain. A beach 11 
m above the lake floor, containing a freshwater molluscan fauna, was dated at 7640 BP 
(Macumber 1983). A second, lower beach was dated at 7280 BP, and is taken to represent 
the final phase of drying of the lake. Onset of lacustrine conditions could not be dated, 
although Ross (1981) correlates filling with the 12,000 BP high level at Kow Swamp. 
Trimming of linear dunes on the margins of boinka systems in northwestern Victoria also 
points to high groundwater levels subsequent to dune stabilisation, but no precise dates can 
be assigned (Macumber 1980). 
The early Holocene lacustral phase recognised by Macumber seems to be a localised 
phenomenon. Sites from other areas indicate wettest conditions occurred during the mid-
Holocene, particularly between 6500 BP and 5000 BP. 
Shell middens on the presently inactive Boolabooka Lakes 80 km east of Menindee yield 
radiocarbon ages between 7900 BP and 6000 BP (J. Balme, pers comm), and are indicative of 
substantially increased river flows at that time. 
Alluvial fans sequences on the Torrens Plain west of the Flinders Ranges began to aggrade 
prior to 5000 BP and continued accumulating until about 3500 BP (G.E. Williams 1973). 
Aggradation of fans is considered to be caused by slightly increased rainfall. Accretion 
also occurred between 6000 BP and 3000 BP on the Mundi Mundi fans near Broken Hill 
(Wasson 1979). Equivalent units have been described from the Belarabon Range southeast 
of Cobar (Wasson 1976). In all three areas, the mid Holocene humid phase was followed 
by desiccation. Drying caused dune formation at Belarabon, and fan incision in the Flinders 
Ranges, Belarabon and Mundi Mundi areas. 
Dune formation at Belarabon took place between 2500 BP and 640 BP (Wasson 1976). Since 
640 BP the dunes have been stable and vegetated. Comparable late Holocene dune activity 
has been identified from other areas including the Victorian Mallee (Churchward 1962), 
the Simpson-Strzelecki dunefields and the Parakeelya dunefield west of Lake Torrens 
(R.J. Wasson pers comm). No corresponding changes can be detected in the two detailed 
pollen studies available from arid areas (H.A. Martin 1973, Singh 1981). 
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In a study of pollen from rockshelters in the Nullarbor Plain, H.A. Martin (1973) 
employed ratios between Myrtaceae and Chenopodiaceae pollen to characterise the two 
major vegetation formations in the area: Mallee scrub dominated by Eucalyptus, and low 
open Chenopodiaceae shrubland. Vegetation zonation in the area is largely determined by 
rainfall distribution, which is in turn directly related to distance from the coast. Mallee is 
more common in wetter areas. 
At about 18,000 BP, a treeless plain dominated by chenopod shrubs extended far south of 
Martin's sites, probably occupying a considerable portion of the continental shelf exposed 
by glacial low sea levels (Martin 1973). 
At the N-145 rock shelter, rising sea levels were accompanied by rapidly increasing 
percentages of Myrtaceae pollen between 9000 BP and 5000 BP. After 4000 BP, Mallee 
shrub dominated the vegetation. A similar pattern of increasing 
Myrtaceae/Chenopodiaceae ratios occurs at both the Madura and Norina rock shelters 
between 9000 BP and 4000 BP, but at these sites the proportions of Myrtaceae pollen 
declined after 4000 BP. A two to three-fold increase in artefact densities from these latter 
shelters between 6000 BP and 4000 BP is interpreted as indicating a marked increase in 
the intensity of Aboriginal occupation of the sites, and Martin (1973) concludes that 
decreasing Myrtaceae/Chenopodiaceae pollen ratios reflect increased human disturbance 
of vegetation. Recovery of Mallee was apparently hindered by the lower rainfall at these 
sites than occurs at the coastal N-145 shelter. Martin (1973) could find no evidence of 
increased rainfall independent of changing sea levels. This conclusion agrees with the 
findings of Jennings (1967) and Frank (1971). 
Lake Frome lies immediately east of the Flinders Ranges in South Australia, and provides 
a pollen record interpreted in considerable detail by Singh (1981). An important aspect of 
this investigation is the comparatively long period of pollen trapping used to monitor 
patterns of pollen production in relation to climatic events near the lake. A relationship 
between the amount of summer rainfall and pollen production has been suggested, and in 
combination with the production of Chenopodiaceae pollen, which is more strongly 
influenced by winter rainfall, provides a basis for assessing the relative importance of 
seasonal rainfall in the past. 
In considering the Lake Frome study, I have chosen to amend the chronology adopted by 
Singh (1981) who relied upon radiocarbon dates reported by Draper and Jensen(1976). 
These dates were obtained from dispersed organic carbon contained in samples cut from 
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sediment cores used later by Singh for pollen analysis. Singh (1981) discarded sample 
NSW-163 from consideration in the chronology employed and apparently decided to 
interpolate ages between samples NSW-160 ( 4180 + 590 BP) and NSW-161 (4370+ 590 BP) 
to obtain ages for pollen analytically significant horizons. 
I have further culled the dates by discarding the uppermost sample (NSW-160) as it 
seems to be far too old for the depth from which it came, especially in the absence of any 
lithological evidence for a depositional break or erosional event in the upper levels of the 
sediment column. The age obtained from this sample is also statistically 
indistinguishable from that obtained from NSW-161 at 42cm depth. An age depth curve 
based upon samples NSW-161 and NSW-162 (Fig. 2.2) gives a more reasonable rate of 
sedimentation and will be used in the following discussion. The use of such a simplified 
model is always a risk but, as will be argued later, the modified chronology brings events 
at Lake Frome into closer temporal alignment with those known from other sites than does 
the chronology of events presented by Singh (1981). Neither chronology can be considered 
reliable but each at least provides a starting point for interpretation of the fossil record. 
Adopting the chronology suggested by Fig. 2.2 alters ages of the two upper pollen zone 
boundaries defined by Singh (1981 ) but leaves the lower two unchanged. 
Between 9500 BP and 8000 BP, tree and shrub pollen dominate the assemblages. High 
Poaceae values are interpreted as indicating greater monsoonal influence than occurs at 
present, bringing heavier or more consistent rainfall to the site. 
Between 8000 BP and 7000 BP conditions became drier. Tree, shrub, Chenopodiaceae and 
Poaceae pollen percentages declined, and ephemeral Asteraceae (Tubuliflorae) rose 
correspondingly. Both summer and winter rainfall probably decreased. Concentrations of 
carbonised particles rose, indicating a more effective fire regime around the lake. 
In the interval between 7000 BP and 2100 BP (Singh's estimate 7000 BP to 4200 BP), 
percentages of tree and shrub pollen recovered. Consistent occurrence of the Poaceae is 
taken to indicate the continued influence of summer rains. At about 2100 BP (4200 BP in 
Singh's chronology) values for Poaceae, tree and shrub pollen began to decrease, with a 
more rapid decrease after 1800 BP, probably in relation to decreased effectiveness of 
summer rainfall (Singh 1981 ). In this interval ephemeral Asteraceae pollen rose 
considerably, as did the concentrations of carbonized particles. By Singh's chronology the 
dry phase ended at about 2200 BP, but using the modified chronology, the close would 
have taken place at about 650 BP. 
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After 650 BP, tree and shrub pollen percentages recovered slightly, accompanied by a 
marked increase in the occurrence of carbonised particles. Poaceae pollen percentages 
remain low, leading Singh (1981) to suggest that the recovery is a result of a slight 
increase in winter rainfall. 
In summarising the pattern of changes in pollen assemblages from Lake Frome, Singh 
(1981) sees a strong relationship between vegetational changes and fire, with much of the 
variation in pollen assemblages reflecting seral change after extensive fires . Within the 
total variation is a clima~ically influenced component. At the base of the sequence (9500 
BP to 8000 BP) and during the mid to late Holocene (7000 BP to 2100 BP) Singh (1981) sees 
reliable monsoonal summer rains playing an important role in maintaining a stable woody 
vegetation. Dry phases, affecting both summer and winter rains, are postulated between 
8000 BP and 7000 BP, and again between 2100 BP and 650 BP. After 650 BP, conditions had 
improved enough for a small expansion of woody vegetation to take place. 
2.4 Summazy 
It is clear from the literature reviewed above that our understanding of the environmental 
history of Australia has been overwhelmingly influenced by records of change obtained 
from sites around the humid margins of the continent. This bias in the distribution of sites 
is easy to understand given the concentration of population along the coasts , the limited 
funds available for palaeoenvironmental research and the relatively recent development 
of conceptual frameworks which can be used to guide the direction of research taking 
place in the arid lands, but has resulted in a narrow view of the course environmental 
change has followed in Australia. 
The very few palaeoenvironmental studies carried out in arid Australia only begin to 
redress the imbalance but provide enough information to form some general impressions of 
the degree to which palaeoenvironmental records from humid and arid regions correspond. 
Global climatic changes which led to glacial advance at high altitudes in the Snowy 
Mountains and Tasmania were expressed inland as large scale changes in water balance. 
Relatively stable interglacial landscapes went through a complete cycle of lacustral 
phase, arid phase and back to stable phase very much in synchrony with waxing and 
waning of the last glacial cycle. Landforms reflect successive dominance by fluvio -
lacustrine and aeolian processes as climatic changes progressed. The intensity of change 
was such that little evidence of biological responses to altered conditions survives. Where 
evidence is preserved, as at Lake George, it appears that the consequences of decreased 
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temperature for plant communities were severe. Inland, moisture deficits would have had 
more impact on the fauna and flora . 
In comparison with the first order environmental changes experienced during the 
Pleistocene Holocene changes seem to have been muted. Few crossed the critical 
thresholds needed to initiate widespread geomorphological adjustment and the 
geomorphic record is one of relative constancy and stability. Stability is also the 
hallmark of most Holocene biological records with a gentle sifting of plant communities 
occurring in reponse to modest changes in temperature and precipitation. 
The timing of these changes seems to coincide reasonably well from region to region 
including those areas of inland Australia from which information is available. Glacial 
age climates had ameliorated in most areas by about 10,000 BP. Wetter than modern 
conditions occurred during early mid Holocene time but gave way to slightly drier or cooler 
conditions during the last 3000 years or so. 
The drier conditions which seem to have prevailed in the Swan River district of Western 
Australia during the mid Holocene is an obvious exception to this idealised pattern. 
Under modern atmospheric circulation patterns southern Western Australia is often out of 
synchronisation with the eastern and northern parts of the continent, particularly in 
relation to rainfall associated with the El Nino I Southern Oscillation phenomenon 
199$ 
( Allan 198Sl> and it ought not be too surprising to find similar differences in the recent 
geological past when the basic climatic controls were firmly in place. 
2.S-
CHAPTER3 
Lake Tyrrell - The regional context 
3.1 Geolo~ical Settin~ 
Lake Tyrrell lies within the confines of the Murray Basin, a major structural basin which 
occupies large areas of western New South Wales, northwestern Victoria and eastern 
South Australia (Fig. 3. 1 ). The Murray basin has been a distinct tectonic and depositional 
entity since _early Tertiary times (Lawrence 1966, Abele 1976), and the thick sequence of 
sediments it contains, along with the structural expressions of Cainozoic tectonism, exerts 
a pervasive influence over the modern landscape. It is thus a convenient framework in 
which to discuss physical aspects of the regional environment. 
In western areas of the Murray Basin, marine deposits have been extensively re-worked to 
form dune fields and sand plains of the Mallee (named for the characteristic Eucalyptus 
dominated shrubland found in these areas). To the east, a long history of fluvial activity 
has left a legacy of relict fluvial landforms now known as the Riverine Plain. The junction 
between the Mallee and the Riverine Plain broadly coincides with the limits of Tertiary 
marine transgression, and clearly illustrates the importance of Tertiary age events in 
moulding the modem landscape. 
3.1.1 Structure of the Murray Basin 
Early evolution of the Murray Basin was strongly influenced by major fracture zones in 
Palaeozoic basement rocks (Wooley and Williams 1978). Subsidence began in the early 
Tertiary, and continued until at least the middle Miocene (Abele 1976). Renewed 
subsidence, associated with apeirogenic uplift in the Eastern Highlands, took place in the 
late Miocene and Pliocene (Abele 1976). Downwarping was accompanied by faulting 
within the main body of the basin. Intermittent fault activity continued throughout the 
Tertiary and well into the Quaternary (Bowler and Harford 1966, Abele 1976, Macumber 
1980). 
Faulting affected both the distribution of Tertiary sedimentation and the distribution of 
groundwater discharge landforms characteristic of semi-arid Victoria. Strings of salinas, 
gypsum flats and boinkas concentrate on the down thrown side of the Danyo Fault 
(Macumber 1980), while the Hindmarsh Fault has altered the course of the Wimmera 
River and affected the location of its terminal lake system. Relict boinka systems making 
up the Wirrengren Plains appear to be associated with the Hindmarsh Fault (Macumber 
1980). 
3.1.2 Stratigraphy of the Murray Basin 
The stratigraphic sequence established by Lawrence (1966) has been widely adopted 
throughout the Mallee and Riverine Plain (Wooley and Williams 1978). It forms the 
basis of stratigraphic nomenclature used in the following summary. 
The basal sediments of the Murray Basin have been designated the Renmark Group by 
Lawrence (1966), replacing the previously used name of "Knight Group" for silts and sands 
unconformably overlying the Palaeozoic basement. The Renmark Group occurs extensively 
across the Murray Basin, with basal ages varying from Palaeocene in the deepest parts of 
the basin to Eocene elsewhere. The upper boundary is also diachronous. In western reaches 
of the basin, Renrnark Group deposits gave way to marine Murray Group sedimentation in 
the Late Oligocene, but further east, Renmark Group deposition continued until middle 
Miocene time (Abele 1976). 
The Murray Group is defined by Lawrence (1966) as including all Tertiary marine 
sediments overlying the Renmark Group in the Victorian parts of the Murray Basin, but is 
extended into New South Wales by Wooley and Williams (1978). The age of the Murray 
Group ranges between late Oligocene and middle Miocene. The lithology of Murray Group 
deposition is affected by the Hindmarsh Fault. West of the fault are found the Ettrick 
Marl, and the conformably overlying Duddo Limestone. To the east of the fault, the 
Ettrick Marl grades into the Geera Clay, and the Duddo Limestone into the Winnambool 
Formation (Abele 1976). Yet further east, the Winnambool Formation is replaced by an 
extension of the Geera Clay. Murray Group sediments, particularly the Geera Clay have 
an important role in modifying the effects of groundwater systems which control modem 
day geomorphic processes. 
The Winnambool Formation conformably overlies the Geera Clay and is, in turn, 
disconformably overlain by the Bookpurnong Beds. Sandy sediments which conformably 
overlie the Bookpurnong Beds in the western part of the basin are known as the Parilla 
Sand (formerly Diapur sandstone of Lawrence 1966). The Parilla Sand forms a series of 
sub-parallel ridges trending north northeast to south southwest and grades laterally into 
a concordant set of ridges formed by the Quaternary age Bridgewater Formation in south 
eastern South Australia (Abele 1976). Parilla Sand ridges are generally blanketed by 
Quaternary age aeolian sediments, but many still form recognisible topographic heights 
in the Mallee landscape. The Parilla Sand is interpreted as a marine regressive fades of 
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Pliocene age (Blackbum 1961, Lawrence 1966, Abele 1976), and forms the major unconfined 
aquifer in the Mallee districts of northwestern Victoria (Lawrence 1966, Macumber 1980). 
It also provides the majority of the sand re-worked into more recent dune forms. 
Below the Riverine Plain, upper Tertiary deposits are assigned to the Wunghnu Group. 
The Wunghnu Group comprises a sequence of flu vial and lacustrine deposits differentiated 
into the Calivil Sand, Torrumbarry Clay (both Pliocene) and the Shepparton Formation, 
which is largely Qm:. .. ternary in age (Abele 1976). The Calivil Sand occurs in ancient 
valleys cut into Palaeozoic basement rocks along the southeastern margin of the Murray 
Valley, and is an important aquifer in these areas. Calivil Sand intertongue with, and in 
places partly underlies, the Parilla Sand to the west. The Torrumbarry Clay overlies 
restricted areas of the Calvil Sand, and is blanketed by the Shepparton Formation. 
The Shepparton Formation is a very widely distributed unit which includes most of the 
fluvial deposits characteristic of the Riverine Plain. To the west it is bounded by the 
aeolian sands of the Woorinett Formation and pinches out against outcropping Palaeozoic 
rocks to the south, the east and the north. The Coonambidgal Formation has a much more 
restricted distribution. It includes sediments found in terraces along the existing major 
stream courses and their immediate precursors (Bowler 1978, Pels 1964) and is of 
Quaternary age. 
A final fluvio-lacustrine unit which deserves mention is the Blanchetown Clay ( Firman 
1965, Macumber 1983, Stevenson 1986 ), a deposit of lacustrine origin which is found in 
central western portions of the Murray Basin. At the southeastern extremity of the 
distribution, in the vicinity of Lake Tyrrell, Blanchetown Clay is restricted to areas 
between the northwest-southeast trending ridges formed by Parilla Sand (Macumber 1980, 
1983 ). Palaeomagnetic investigations of the Blanchetown Clay (Bowler 1980, An 
Zhisheng et al 1986) provide a key to the age of subsequent aeolian events. Deposition of 
Blanchetown Clay took place in a large freshwater lake which was initiated by tectonic 
damming of the ancient Murray River. Based upon the palaeomagnetic chronology 
reported by An Zhisheng et al (1986) damming took effect in Pliocene or early Pleistocene 
times, and the lake persisted until some time before 730,000 BP when the dam was 
breached and the lake drained. The exact date of drying has not been precisely 
determined and there is some evidence that the lake contracted into a series of disparate 
basins which dried independently (Lawrence and Goldberry 1973), but in all cases 
examined to date, sediments overlying the Blanchetown Clay are palaeomagnetically 
normal and are considered to belong to the Bruhnes Normal Chron (An Zhisheng et al 
1986, Bowler 1980). 
Sediments overlying the Blanchetown Clay provide mineralogical evidence of a 
significant change in environment since times around the Bruhnes-Matuyama boundary. 
This change clearly reflects a reduction in the amount of water in the landscape. The 
large fresh water body in Lake Bungunnia was drained by breaching of a tectonic dam, but 
subsequent deposition was dominated by aeolian processes while lake sediments 
deposited above the Bruhnes-Matuyama boundary contain suites of evaporitic minerals 
for the first time, further emphasising the impact of changed hydrological conditions. 
Aeolian deposits in the Murray Basin are placed by Lawrence (1966) into two distinct 
units. The Woorinen Formation is found in the north and northeast of the basin and 
disconformably overlies the Blanchetown Clay in many areas. Sands of the Woorinen 
Formation are typically reddish brown (as a result of well developed iron and clay rich 
cutans found around individual sand grains) and often contain an appreciable clay 
fraction. Dunes in the Woorinen Formation are distinctive tear drop shaped forms (Mallee 
dunes of Bowler and Magee, 1978) and contain a series of palaeosols (Churchward 1961 ) 
which Bowler and Magee (1978) interpret as indications of successive phases of 
instability and soil formation. The dunes have thus probably remained in much the same 
place for several hundreds of thousands of years. The presence of clay pellets in the 
Woorinen Formation dunes implies a complex relationship between groundwater 
conditions and seasonal desiccation is required to initiate dune formation (Bowler and 
Magee 1978). 
The deeply leached Lowan Sands (Lawrence 1966}, by contrast, tend to form classical 
parabolic dunes which presumably reflect more familiar dune forming conditions --
abundant sand, strong winds, and severely reduced vegetation cover. The parabolic dunes 
do not contain palaeosols and the distribution of the Lowan Sand Dunefield as lobes 
intruding into the Mallee country (Bowler and Magee 1978, Ross 1981 } suggest a more 
active history of movement than that of the Woorinen Formation. 
Sediments occurring in salt lakes and gypsum flats are termed the Yamba Formation 
(Lawrence 1966}. These saline deposits are generally incised into underlying sediments, 
and are confined to areas of past and present groundwater discharge. At Lake Tyrrell, the 
Yamba Formation (termed the Tyrrell Beds by Bowler and Teller 1986) comprises four to 
five metres of gypseous clay lying disconformably over, and incised deeply into, the 
Blanchetown Clay. The Tyrrell Beds are palaeomagnetically normal (An Zhisheng et al 
1986) and thus post date the Bruhnes-Matuyama reversal at about 730,000 BP. In view of 
the disconformity it is yet difficult to assess the age but Bowler (1980) estimates the 
saline Yamba Formation to date from about 300,000 BP to 400,000 BP. Onset of Yamba 
Formation deposition is interpreted as reflecting a major change in hydrological 
conditions, transforming the Murray Basin from an area of freshwater dominance, or 
represented by the Blanchetown Clay, to a drier landscape in which aeolian and 
groundwater processes became increasingly significant. A similar pattern has since been 
recognised from Lake Frome further west on the edges of the Great Artesian Basin (Bowler 
et al 1986). 
Associated with the Yamba Formation is a range of landforms derived by deflation of 
material from lake floors. These features include lunettes and copi dunes. At least two 
phases of Junette building have been recognised, the significance of which have been 
discussed in detail by Bowler (1970, 1976). 
3.1.3 Groundwater hydrology of the Murray Basin 
Groundwater, and groundwater influenced landforms are significant elements in many 
Murray Basin landscapes (Macumber 1980, 1983). Major aquifers of the Riverine Plain 
occur in the Warina Sand, Olney Formation, Shepparton Formation and the Calivil Sand 
(Wooley and Williams 1978). The Calivil Sand provides a source of recharge water for 
deeply buried aquifers and also acts as a hydrological link between Riverine Plain and 
Mallee depositional systems. Regional watertables in the Riverine Plain lie some 10 to 30 
m below ground except where perched water tables have developed beneath areas of 
intensive irrigation (Gutteridge et al 1970). Some recharge of shallow groundwaters 
occurs along the Murray and Murrumbidgee Rivers (Wooley and Williams 1978), but the 
influence of the Calivil Sand is of particular importance. 
In the Mallee areas of northern Victoria the down basin equivalent of the Calivil Sand, 
the Parilla Sand, acts as an unconfined or semi-confined aquifer (Macumber 1980). The 
Parilla Sand aquifer is semi-confined only in areas overlain by Blanchetown Clay, and 
over most of the area draws recharge from local rainfall as well as slow percolation from 
the Calivil Sands further up basin. Water in the Parilla Sand flows generally from east 
to west, with the potentiometric surface (and actual water tables) rising northwards until 
the saturated aquifer intersects the land surface north of 35° 30' 5, or where the land level 
drops below 50 m above sea level. Sites of groundwater seepage are strongly influenced by 
structural features underlying the aquifer (Macumber 1980). 
Regional groundwaters in the Murray Basin are generally saline, but become fresher 
towards the basin margins where irrigation water can be provided from the Olney 
Formation, Shepparton Formation and Calivil Sand. Groundwater in the Parilla Sand 
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averages 2.5 percent to 4 percent total dissolved solids (as compared to about 3.5 percent 
tds in sea water). The source of salts in groundwater is not known. Lawrence (1966) suggests 
a connate origin, but other explanations emphasise leaching from weathered bedrock or 
cyclic accession via rainfall. Whatever the source of salts, outcrop of saline groundwater 
has a considerable effect upon local vegetation and topography. Areas of extensive 
groundwater outcrop are characterised by boinkas (Macumber 1983) and gypsum flats, or 
by large salt lakes. 
Groundwater levels have risen considerably during the past century of European 
occupation of the Murray Basin (Gutteridge et al, 1970, Macumber 1978, 1983, Macumber et 
al 1988 ). Perched water tables have developed under many of the important irrigation 
areas on the Riverine Plain. Salts carried by groundwater have become a major 
agricultural problem in these areas, and the effects of salinisation have extended to 
nearby low lying areas. 
Outside the comparatively isolated areas of perched watertables, a more general rise in 
water levels within the Parilla Sand aquifer has resulted from clearing of the natural 
mallee woodlands (Macumber 1978). Removal of the deeply rooted woody vegetation has 
increased rates of infiltration by reducing the amount of water intercepted and removed by 
evapotranspiration (Jenkins and Irwin, 1978, Batini and Selkirk 1978, Biddiscombe et al 
1985). Figures obtained from the Darling Ranges in Western Australia show increases in 
groundwater recharge of between 715 and 3,529 percent following removal of the native 
flora (Conacher 1982) whilst studies by Allison et al (1985 ) suggest that clearing of 
mallee vegetation in South Australia has increased ground water recharge rates by more 
than two orders of magnitude with concomitant effects on water levels in unconfined 
aquifers and in discharge of saline groundwater into the Murray River. 
Rising groundwater pressures within the Parilla Sand have led to the re-activation of 
many previously inactive discharge points as an adjustment to a new hydrological 
equilibrium with a higher water table. Re-activation of old discharge areas has been 
accompanied by increasingly severe dry land salinisation, and continuing tree mortality 
(Plate 3.1). 
3.2 Climate 
3.2.1 Regional climatic controls 
Climatic patterns in Australia owe much to the combined influences of latitude and 
topography. Strong summer-winter contrasts result from substantial latitudinal 
displacements in the tracks of pressure systems which govern the character of regional 
Plate 3.1. Black box trees killed by rising saline groundwater on Towan Plain, 
northeast of Lake Tyrrell. 
climates ( Fig. 3. 2 ). During the winter months, mid latitude anticyclones slowly traverse 
the continent in an easterly direction. Westerly winds generated by anticyclones centred 
over the continent bring moist air to southern areas, but much of the north is influenced by 
the comparatively dry southeasterly trade winds which characterise the dry season 
( Gentilli 1986 ). The moist westerly winds and frontal systems associated with 
depressions over the Southern Ocean combine to give southern Australia a degree of winter 
rainfall dominance. 
During summer the high pressure systems tend to be displaced southwards, with their 
effects being felt along the southern fringes of the continent. The influence of westerly 
circulation is somewhat reduced and the steady progression of subsiding anticyclonic air 
masses make for dry, clear conditions over most of southern Australia. Heat waves often 
result from northerly winds on the trailing edge of anticyclonic cells bringing air heated in 
the continental core south. The highs are succeeded by low pressure troughs which bring 
relief in the form of southerly or southwesterly changes (Maher 1973 ). 
Summer brings an extension of the northwest monsoon to northern Australia in response to 
weakened pressure gradients over the continent. The monsoonal circulation patterns result 
in very heavy summer rainfall in many areas of northern Australia. Depressions of 
monsoon origin and the degenerate remains of tropical cyclones can occasionally bring 
heavy rain to areas further south. 
Rainfall distribution in southeastern Australia reflects both the synoptic pattern and the 
topographic barrier afforded by the Eastern Highlands (Fig. 3.3 ). Rainfall is highest 
along the coast where the influence of maritime air masses and cold fronts is greatest. The 
Eastern Highlands provide orographic rainfall on their western slopes, yielding water 
which feeds the major river-systems flowing through the Murray Basin. Rainfall 
decreases in quantity and reliability along gradients away from the coast. Temperatures 
on the other hand increase inland as the moderating influence of oceanic airmasses 
diminish, and the incidence of solar radiation increases. 
3.2.2 Climates of the Murray Basin 
The Murray Basin lies between the humid coastal fringe and the arid continental core. 
Regional climates reflect the controls outlined above and are calculated by Gentilli (197,t) 
<\S falling into Thomthwaite's DB'd and CB'd climatic categories (ie semi-arid to sub-
humid, warm with year round moisture deficiency). Following the regional pattern, 
rainfall decreases from 500 mm in the south to about 250 mm in the north. The rainfall is 
predominantly frontal in origin, but local weather anomalies, especially thunderstorms 
contribute significantly to annual totals (Maher 1973). Precipitation is not only low but 
very erratic, with annual deviations from the long term mean commonly 20 or 30 percent 
(Maher 1973). The influence of frontal rain contributes to winter rainfall dominance 
(approximately 60 percent at Swan Hill), but at Broken Hill, summer and winter 
contributions are very nearly equal. 
Average temperatures are comparatively high, though there is a strong seasonal contrast. 
Summers are hot and dry, with consistently highest temperatures occurring during January 
and February. Evaporation rates under these conditions are very high, especially during 
the hot months between January and March. Evaporation rates exceed precipitation for 
most of the year . 
Wind regimes are dominated by a westerly component befitting the pre-eminence of the 
westerly circulation in southern Australia . Hot northerly winds commonly raise dust over 
large areas. Strong northerly winds are often succeeded by a strong southwesterly or 
southerly change. Gales and wind with easterly or northeasterly aspects are rare. 
3.3 Soils of the Murray Basin 
The agricultural importance of Irrigation Districts in the Murray Basin has resulted in 
considerable attention being devoted to description and analysis of the wide range of soils 
found in these areas (Northcote 1980). Since the early soil surveys, progressively more 
sophisticated soil classifications have been applied to soil studies. Although detailed 
investigation of mechanical and chemical properties of soil is of considerable value in 
planning agricultural activity, it has lesser value for the analysis of native vegetation 
particularly as the majority of plant communities adapted to semi-arid environments are 
forgiving of all but the most dramatic of differences in soil characteristics. 
In their investigation of land systems in northwestern Victoria Rowan and Downes (1963) 
adopted a soil classification system based on textural characteristics. This system, as 
modified by the Land Conservation Council (1973), has been adopted in this text because 
soil texture has a significant impact upon the availability of water to plants, and also 
mirrors the nutrient status of individual soils (Rowan and Downes 1963, Noy-Meir 1974 ). 
Nine local soil groups can be recognised on the basis of their surface texture. These groups 
are sub-divided according to textural features existing in the soil profiles (Table 3. 1 ). 
( i) Deep Sands 
The Deep Sands soil category dominates soils developed on the Lowan Sands in the Big 
Desert and Sunset Country. Profile development is minimal, with very little organic or 
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TABLE 3.1 Soils of the Mallee districts (Source: Land Conservation Council 1974) 
TEXTURE LOCAL SOIL GROUP 
Surrace At Depth 
1 Sand sand, no change Deep sands 
2 Sand Sandy loam, sandy clay loam Sandy calcareous soils, red 
reddish, yellow, white 
3 Sandy loams and Gradual change to sandy Medium textured calcareous 
sandy clay loams clay loams or sandy clay gradational soils 
4 Abrupt change to sandy Medium textured calcareous 
clay loam or sandy clay duplex soils 
5 Abrupt change to clay Heavy textured calcareous 
duplex soils 
6 Abrupt change at shallow Shallow loamy soils on 
depth to limestone limestone 
7 Light clays Little change Brownish calcareous soils 
8 Clays Little change Grey cracking clays 
9 Variable Variable Saline soils 
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clay accumulation. The Deep Sands are generally nutrient poor (LCC 1974), but in a semi-
arid climate they provide an efficient water storage for deeply rooted vegetation (Rowan 
and Downes 1963, Noy-Meir 1974). 
(ii) Sandy Calcareous soils have a more limited distribution. There is generally a 
compacted sandy loam sub-soil at about one or two metres depth. These soils are 
characteristic of low lying areas in the Big Desert, but also occur on dunes in the Sunset 
Country and Millewa area. Soil fertility increases from white to red soils. 
(iii) Medium textured calcareous sands are characterised by a gradual transition to 
sandy loam or sandy clay loam subsoils. These soils are common between sand dunes. 
Calcareous nodules are often present in the sub-soil. 
(iv) In medium textured duplex soils the upper sandy loam abruptly gives way to 
sandy calcareous clays in the subsoil. These soils are common on the upper slopes of dunes, 
and to a lesser extent on interdune flats. 
(v) Heavy textured duplex soils are restricted to the broad plains of inactive Boinka 
systems and to lunettes. The soil profile consists of a thin upper layer of sandy loam 
which changes abruptly to a subsoil of (often highly saline) calcareous day. 
(vi) Shallow soils developed on limestone comprise a thin, often discontinuous sheet of 
sandy loam overlying massive sheets or blocks of limestone ( calcrete ).Water holding 
capacities are low but soils are of moderate fertility. 
(vii ) Gilgaied brownish calcareous clays are common on alluvial plains associated 
with the Wimmera and Loddon River systems. Clay dominates the soil profile but 
surface layers sometimes resemble clay loam. Carbonate is found throughout these soils. 
The brownish calcareous clay soils are relatively fertile but exhibit unfavourable soil 
moisture characteristics. 
(viii) Soils on the modem flood plains along the Murray, Loddon, Avoca and Wimmera 
Rivers are typically grey cracking clays which develop a coarse blocky structure. 
Fertility is high but moisture characteristics are poor. 
(ix) Saline soils are found in the vicinity of groundwater discharge landforms (such as 
salt lakes on Boinka complexes) and on some lunettes. Crystalline gypsum and copi are 
commonly found at depth in the soil profile, and the lower part of the profile is typically 
quite saline. Where soil salinity reaches the surface, vegetation is normally dominated 
by samphires (Pachycornia sp, Sarcocornia sp) or saltbush (Atriplex spp. ) become 
increasingly common. The most saline soils, occurring in salt lakes or localised salinised 
depressions , are unvegetated. 
3A vegetation communities of southeastern Australia 
The vegetation of southeastern Australia can be usefully divided into a number of 
formations which, in some senses, reflect ecologically significant environmental gradients 
between coastal and inland areas. The floristic composition of any one formation is 
varied, and overlap of species between formations is common. This makes pollen 
analytical delineation of formations difficult, but convenience for descriptive purposes out 
weighs the difficulties. In this section I will briefly examine the distribution and 
composition of some of the formations, but will concentrate more fully on those 
communities occurring in the vicinity of Lake Tyrrell. 
3.4.1 Forests 
Forest vegetation, which is defined as a community in which the tree stratum exceeds 
eight metres in height, occupies a comparatively restricted range of sites in coastal and 
montane parts of the region. Forests are sub-divided into closed forest (foliage cover 
greater than 70 percent) and open forest (foliage cover between 30 and 70 percent). 
Patches of closed forest having floristic affinities with tropical closed forest survive in 
protected coastal gullies as far south as Cann River in East Gippsland (Cameron 1987). 
Protected sites in montane areas support small patches of Nothofagus dominated Southern 
Closed Forest. Subsidiary taxa in these communities include Podocarpus alpina 
Atherosperma moschatum, Ceratopetalum sp., and the tree fern Dicksonia antarctica. 
Several elements such as Acacia melanoxylon or A. dealbata may form dense stands 
within the forest, but emergent eucalypt relicts from the last major fire are more usual 
(Howard 1981). Self sustaining closed forest communities seem to require at least 1500 mm 
of rainfall per annum, with falls evenly distributed throughout the year. 
The majority of montane areas receiving between 1000 mm and 2000 mm of rainfall support 
a tall open forest, synonymous with the wet sclerophyll forest of Beadle and Costin 
(1952). Trees in this formation grow to between 30 and 100 m in height, with a foliage 
cover between 30 and 70 percent. Sites occupied by tall open forest are generally within 
the physiological limits of closed forest, and some evidence (eg Howard 1973, 1981) 
suggests expansion of closed forest elements into tall open forests which developed after 
the Victorian bushfires of 1939. Fire plays a critical role in maintaining the relative 
distributions of dosed forests and tall open forests. Eucalyptus_species dominate tall open 
forests. Dominant species change from north to south. Typical southern configurations of 
this forest feature combinations of Eucalyptus regnans, E. fastigata, E. viminalis, E. 
nitens, E. delegatensis and E. obliqua, with an often dense understorey of shrubs including 
Pomaderris apetala, P. aspera, Prostanthera spp, Olearia argyrophylla, Bedfordia spp, 
Acacia melanoxylon, Drimys lanceolata and a plethora of ferns. 
At the drier end of its range, tall open forest gives way to open forest (trees 10-30 m, 
foliage cover 30 to 70 percent). Open forest is also known as dry sclerophyll forest. Open 
forests are widely distributed on the western slopes of the Eastern Highlands and in rain 
shadow areas on the Southern Tablelands (Costermanns 1981). Eucalyptus again 
dominates the formation. In higher areas, topographic effects give rise to a wide range of 
communities with their composition depending upon site aspect, slope and soil. The 
boundary between open forest and tall open forest is blurred both by the influence of site 
characteristics on the forest, and by the regular occurrence of tall open forest elements such 
E. dalrympleana, E. st. johnii and E. obliqua in wetter open forest communities. Open 
forests on the tablelands are dominated by E. rossii, E. mannifera and E. macrorrhyncha. 
Understorey in these forests is a typically sparse stratum of sclerophyllous shrubs with a 
discontinum,1s cover of tussock grasses on more fertile soils. Grasslands can occur in areas of 
cold air drainage or waterlogging within tableland open forests. 
Large areas of open forest, particularly where soil moisture properties are favourable, are 
dominated by E. dives and E. radiata with contributions from E. blakelyi and E. 
macrorrhyncha. The understorey of these forests is dominantly Poa or Danthonia tussock 
grassland. Pteridium esculentum forms a very dense understorey in some areas. 
In lower rainfall areas (600 to 700 mm) box and ironbark species of Eucalyptus become 
prominent, especially where soils are shallow. Box-ironbark communities characterise 
the transition between foothills and plains in both New South Wales and Victoria. 
Eucalyptus sideroxylon, E. macrorryncha, E. microcapa E. albens and E. melliodora give 
the drier open forest its characteristic appearance. Shrubs commonly found in the dry open 
forests include a number of Acacia species, Daviesia, Platylobium, Dillwynnia and other 
sclerophyllous types. The herb layer is usually sparse or absent. 
3.4.2 Woodlands 
Woodlands are defined as communities in which trees are between 10 and 30 metres high, 
with a cover value between 10 and 30 percent, above a stratum of shrubs and hummock or 
tussock grasses (Carnahan, 1976, Gillison and Walker 1981). The understorey is often 
sparse. Woodlands fall into two floristically and geographically distinct groups. Those 
adjoining Eucalyptus open forests at the margins of the Eastern Highlands are also 
Eucalyptus dominated, whereas woodlands of the inland show a marked dominance by 
Acacia and other non-eucalypt taxa. 
The boundary between Eucalyptus woodland and adjacent open forests is diffuse, and in 
many cases merely represents a reduction of canopy height in response to less favourable 
site characteristics. Eucalypt woodlands occupy a broad arc inland from the better 
watered open forest districts. Woodlands dominated by Eucalyptus pauciflora and E. 
stellulata also occur in the highlands, particularly in areas subject to cold air drainage, 
and in communities transitional to alpine grasslands on the higher mountains . The main 
areas of Eucalypt woodland lie between the 700 mm and 400 mm isohyets. 
Woodlands characterised by the presence of Eucalyptus blakelyi and E. melliodora are 
found on plains north of the divide in Victoria and on the western slopes of New South 
Wales. Eucalyptus albens grows on slightly drier sites in the same area. Rainfall in the 
E. blakelyi - E. melliodora belt ranges between 700 mm and 480 mm (Gillison and Walker 
1981). Between about 660 mm and 610 mm, E. camaldulensis, E. melliodora and E. 
aramophloia become common. Eucalyptus goniocalyx occurs in the Victorian version of 
these woodlands. Although the understorey was initially dominated by S tipa, 
Danthonia and perhaps Themeda, much of the natural grass flora has been destroyed by 
cultivation, or severely damaged by grazing. 
In areas receiving less than 480 mm rainfall, grey box woodlands become the norm. Three 
species are known locally as grey box: Eucalyptus hemiphloia, E. microcarpa and E. 
woolsiana. In the Wimmera district of northern Victoria, Allocasuarina luehmannii is a 
common subsidiary species, as are Eucalyptus camaldulensis and E. leucoxylon In New 
South Wales, E. woolsii occurs with Callitris columellaris, Allocasuaiina luehmannii 
and a number of species more common in drier areas to the west. These taxa include 
H eterodendrum oleifolium, Geijera parviflora Dodonaea species, Pit to s por um 
phillyreoides and Apophyllum anomalum. 
Bimble box (Eucalyptus populnea) and Callitris columellaris woodlands occupy large 
areas of alluvial plain in southern parts of western New South Wales. Whilst the 
vegetation is dominated by these two species, the range of small "arid zone" trees and 
shrubs which grow in the grey box communities also occur regularly. Grasses form a more or 
less dense ground layer. Bimble box woodlands grade into Eucalyptus intertexta, Acacia 
excelsa and Acacia aneura communities in northern and western districts where summer 
rainfall levels become more significant. The absence of extensive clay rich alluvium on 
the Victorian side of the Murray River limits the distribution of C. columellaris and E. 
populnea woodland. In Victoria, the Wimmera flora of mixed Allocasuarina 
luehmannii, E. leucoxylon, E. largiflorens, E. camaldulensis and Stipa-Danthonia 
grasslands merge gradually into the mallee vegetation characteristic of longitudinal dune 
fields in the far north-west of the state. 
3.4.3 Mallee 
Mallee communities occupy a discontinuous arc of country inland from the main areas of 
Eucalyptus woodlands. Although mallee communities occur as far north as 22°5, and as far 
as 3705, they are best developed in the semi-arid winter rainfall tracts between about 300 
and 36°5 (Parsons 1981). The term mallee is used to denote a eucalypt growth form in 
which numbers of stems originate from a common subterranean lignotuber. It is also used to 
describe communities dominated by mallee eucalypts, and to define districts in which 
mallee communities are prominent. Mallee grows in the driest sites occupied by 
Eucalyptus anywhere in southeastern Australia. Although mallee communities occur in 
areas receiving between 178 mm and 762 mm of rain per annum, the core areas of mallee 
vegetation occur between the 250 mm and 380 mm isohyets (Parsons 1981). In wetter areas, 
mallee gives way to woodland or heath, but at its driest extreme, mallees are replaced by 
non-eucalypt woodlands, shrublands, or hummock grasslands. Although the inland 
extremes of mallee distribution correspond reasonably closely with the inland limits of 
effective winter rainfall (Wood 1937, Jessup 1948, Leigh 1972), low total rainfall and 
high annual variability are probably the most effective limits to the inland extension of 
mallees. The mallee growth form seems to be a response to environmental stress. It is 
adopted by Eucalyptus kybeanensis on granitic peaks in the Eastern Highlands (Hall and 
Brooker 1973), and by a number of normally single stemmed species, such as E. baxteri, at 
the extreme limits of their climatic range (Costermanns 1981). 
Within the mallee districts, mallee species occupy a wide range of sites and soil types. On 
the local scape, soil characteristics and competition between species play a powerful role 
in determining the relative distributions of mallee species, and the overall composition of 
mallee dominated communities. Noy-Meir, (1970, 1971) emphasised the role of soil 
texture in regulating soil water available for plant growth in mallee and saltbush 
communities. Soil water supplies to plants decrease with increasing clay content as a 
result of poor moisture penetration and consequent high evaporative losses, as well as the 
higher rainfall needed to bring clay soils from an dry to a soil water potential exploitable 
by plants. 
At the regional scale, soil conditions give rise to big and small mallee forms (Zimmer 
1937,Rowan and Downes 1963, Noy-Meir 1971, Parsons 1981). Big mallee trees have three 
or four large trunks arising from the lignotuber. These trunks are normally greater than 15 
an in diameter at maturity and are greater than 6 m high. In Victoria, big mallee occurs on 
clay rich dune swales in southern, wetter areas. Where rainfall is less than 280 mm, 
grassland often replaces mallee on the heaviest soils (Rowan and Downs 1963) whilst big 
mallee is best developed on fertile clay loams or sandy loams on higher sites within 
boinka complexes. Eucalyptus behriana is a prominent big mallee species in wetter areas 
(>330 mm). Elsewhere a number of species, including E. socialis, E. calcyogona and E. 
dumosa may predominate. Ground cover in big mallee is typically sparse, with Maireana 
spp, Sclerolaena species, grasses, Zygophyllum and ephemeral Asteraceae featuring 
significantly. The average height of big mallee communities increases northwards 
(Parsons 1981), despite decreasing rainfall totals, and increased rainfall variability. 
Parsons suggests that lower rates of mallee regeneration in the drier areas decrease 
competition for available water and nutrients, allowing an open community of large 
individuals to develop. In areas where mallees regenerate more regularly, competition 
between the numerous individuals limits growth potential. An alternative hypothesis 
favoured by Rowan (1971) holds inherent sub-soil salinity in clay soils to be a significant 
limitation on the density of mallee communities they can support. 
Mallee communities growing on dunes and sand plains of the Woorinen Formation tend to 
be both denser and of smaller stature (between 3.5 and 6 metres) than big mallee 
communities. Individual mallees usually sport a large number of comparatively thin 
stems growing from the lignotuber. Eucalypts dominating the smaller mallee communities 
include E. dumosa, E. foecunda, E. socialis, E. oleosa and E. incrassata. Less commonly 
occurring species include E. calcyogona, E. froggattii, E. viridis and E. gracilis. The 
understorey of smaller mallee communities is variable. Grasses are comparatively sparse, 
but shrubs of Acacia spp, Dodonaea spp, Eremophila spp and Cassia spp occur regularly 
between, and under, mallee clumps. In sand plain mallee, especially in the drier northern 
regions, Heterodendrum oleifolium, Myoporum platycarpum, Callitris preissii and 
Geijera parviflora occur as scattered individuals, or in small patches within the mallee 
communities. Ephemeral taxa in the field layer contribute up to 26 percent of the 
community species richness (Parsons 1981), but remain dormant until adequate winter and 
spring rain falls . Most of the field layer plants concentrates in the shelter provided by 
mallee clumps (Holland 1968). 
Semi-succulent shrubs, especially belonging to the Chenopodiaceae, form an important 
component of mallee vegetation growing on fertile soils, chenopods are particularly 
common in the understorey on comparatively fertile, heavy textured soils of dune swales, 
sand plains and boinka complexes (Rowan and Downs 1963 ). The presence of low growing 
Chenopodiaceae in big mallee has already been noted. Chenopod shrubs occur more 
regularly, and with greater species richness, northwards. Atriplex vesicaria, Atriplex 
stipitata, are prominent understorey species, as well as forming extensive communities 
outside the mallee. Sclerolaena species also occur widely, with their importance 
emphasised in areas grazed heavily by stock. Enchylaena tomentosa, Maireana sedifolia 
also occur. Frankenia species and Zygophyllum spp sometimes grow on more saline soils. 
It is likely that soil fertility, exchangeable sodium content, and the "inverse texture 
effect" contribute to the occurrence of chenopod shrubs in the mallee understorey. 
On deep, pale, infertile sands of the Big Desert, Little Desert and Ninety Mile Desert, 
the favourable moisture relations provided by the Lowan Sands allow Eucalyptus 
incrassata and E. foecunda to grow amidst a dense, species rich, understorey of 
sclerophyllous shrubs (Noy-Meir 1970, Parsons 1981). Many of the shrubs have affinity 
with coastal heath of southern Australia. Eucalyptus incrassata-heath assemblages are 
often known as mallee heath, and are generally confined to areas receiving more than 375 
mm of rain per year (Rowan and Downes 1963). Where clayey horizons lie deeper than 
120 cm, mallee heath gives way to a true heath, though the shrub composition remains 
essentially unchanged (Barrow and Pc.O\H\~C\ 1970 ). Characteristic shrubs of the mallee-
heaths include Banksia ornata, Aotus ericoides, Hibbertia species, Calytrix tetragona, 
Micromyrtus ciliatus, Boronia caerulescens, Leptospermum laevigatum (var minus ), a 
number of Grevillea species, and several Epacrids. The ground layer is generally sparse, 
but includes sedges and a number of ephemeral species. In slightly drier areas, towards 
the inland limit of heath distribution, the shrub layer is taller, and presumably taps 
water held deeper in the soil profile. In South Australia Melaleuca uncinata (Broom 
bush) is a significant element in these communities. It is not as common in Victoria. Other 
prominent shrubs include Callitris verrucosa, Baeckea behrii and Exocarpos sparteus. 
Although the shrub species mentioned occur regularly, and are often locally dominant, 
ecological studies of mallee-broombush communities in South Australia (Specht et al 
1958) demonstrated major floristic changes at different stages of post fire succession. 
While this is not unusual, these data suggest the mallee-heath and mallee-broombush 
communities to be in a permanent state of flux, requiring recurrent burning to maintain 
diversity and vigour. It follows that floristic and structural patterns within mallee 
heath tracts owe much to fire history and subsequent patterns of regeneration, maturation 
and senescence. 
Two further mallee types are worthy of comment in this section. "whipstick mallee" is a 
community of very narrow stemmed eucalypts growing in discrete patches on skeletal, or 
gravelly soils in marginal box-ironbark open forests (Land Conservation Council 1978). 
Rainfall in these areas can be as high as 600 mm per annum. The dominant eucalypt in 
whipstick mallee is usually Eucalyptus viridis, but others such as E. polybractea, E. 
calcygona, E. froggattii and E. behriana occur as well. Eucalyptus behriana and E. 
calcygona are of ten found in big mallee communities, but the other species are uncommon 
in the core areas of mallee further inland. Shrubs are usually sparse in whipstick mallee. 
Pros tan t her a species, Bertya cunninghamii, Calytrix tetragona, Baeckea behrii, 
Allocasuarina muellerana, Melaleuca uncinata, M. decussata, M. wilsonii, Cassinia 
laevis and several species of Hibbertia occur above an equally sparse ground layer of 
forbs, such as Plantago varia and Goodenia species, and the occasional grass clump. The 
chenopod shrubs so common in drier mallee communities are rare. 
Loose infertile sand on the crests of Woorinen dunes, particularly in the driest areas, often 
support a low mallee, dominated by Eucalyptus incrassata and the hummock grass Triodia 
irritans, which differs structurally and floristically from adjacent mallee communities 
growing on more fertile clayey soils of dune slopes and swales. Ephemeral species often 
grow in profusion after rains, but in heavily grazed areas the more sensitive species 
survive inside protective rings formed by ageing Triodia hummocks. Callitris verrucosa 
also occurs in this community. 
The preference shown by E. incrassata for infertile sandy soils points to a degree of 
edaphic control over the distribution of mallee species at the local, as well as the 
regional scale. Detailed investigation of field relationships between E. incrassata and E. 
socialis suggest that extremes of soil moisture and nutrient status contribute to ecological 
segregation of the two species (Parsons 1968, 1969). Planting trials indicate an ability of E. 
incrassata to out compete E. socialis under optimum soil moisture conditions, but that E. 
socialis enjoys a competitive advantage on "droughty" heavy textured soils. The higher 
nutrient levels of clay rich soils exacerbate the inverse soil texture effect by promoting 
rapid growth, thus increasing moisture requirements (Parsons 1968, 1969). Parsons and 
Rowan (1968) noted an equivalent separation of E. socialis from E. oleosa on dune soils 
with minute differences in clay content. 
3.4.4 River frontage woodlands 
Although Eucalyptus camaldulensis is a prominent species in areas of woodland subject to 
seasonal water logging (Moore et al 1970), it is perhaps most characteristic of woodlands 
fronting many of the permanent or regularly flooded rivers and lakes of inland areas. 
Trees in the most favourable sites can reach 60 metres in height, with the community 
approaching forest stature. Survival of E. camaldulensis communities in semi-arid areas 
seems to be dependent upon recurrent flooding, which replenishes soil moisture reserves 
depleted by long periods of drought and allows flood dispersed seeds to germinate (Dexter 
1973, Costermanns 1981, Boomsma 1972). 
Eucalyptus largiflorens is a more drought resistant species, growing on sporadically 
inundated flood plains, in rarely flowing creeks, and on points of groundwater discharge 
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west of the 508 mm isohyet. Unlike E. camaldulensis, which shows little soil preference 
(Moore et al, 1970) E. largiflorens occurs almost exclusively on heavy clays which exclude 
most other tree species from flood plains. To the north, E. largiflorens is displaced from 
flood plains of the channel country by Eucalyptus microtheca and Acacia cambagei (Noble 
and Mulham 1980), but E. camaldulensis persists by inhabiting deep sands in the beds of 
ephemeral streams. 
The understorey of E. camaldulensis woodland is generally sparse and varies with 
latitude. In semi-arid areas grasses such as Poa caespitosa, Amphibromus neesii and 
Pseudoraphus spinescens occur occasionally. Elaeocharis spp, /uncus spp, Cyperus spp and 
the aquatic fern Marsilea drummondii occur in damp places. (Moore et al 1970). In E 
largiflorens woodlands, the understorey is more varied. Remnants of a once more 
extensive Atriplex nummularia community survive in some protected areas along the 
major rivers. Muehlenbeckia cunninghamii and Chenopodium nitrariaceum often form 
dense stands in wetter areas, especially in creek beds or around points of groundwater 
discharge. Further from the rivers E. largiflorens may encroach on to areas dominated by 
Atriplex vesicaria communities. In these areas, Eremophila maculata and Acacia 
pendula sometimes join E. largiflorens as emergents above a low shrubland of chenopods 
and salt tolerant succulents (Moore et al 1970, Noble and Mulham 1980). Grasses are often 
important elements of E. largiflorens woodlands. 
3.4.5 Non-eucalypt woodlands 
On the drier side of the 356 mm isohyet, varied admixtures of trees and shrubs often found 
in mallee communities form non-eucalypt woodlands in their own right (Moore et al 1970). 
Heterodendrum olefolium, Callitris preissii, C. columellaris, Myoporum platycarpum and 
Allocasuarina species dominate these communities. Allocasuarina luehmannii, a common 
woodland species in the Wimmera districts of northern Victoria (Connor 1966b) is 
replaced northwards by A. cristata. Small trees and shrubs, such as Santalum species, 
Exocarpos aphyllus, Pittosporum phillyreoides and Eremophila spp are common to both 
mallee and the non-eucalypt woodlands. Ventilago viminalis, Atalaya hemiglauca, 
Flindersia maculosa and Geijera parvifolia become more common in northern and western 
areas. The basic floristic similarities between non-eucalypt elements of mallee vegetation 
and eucalypt free woodland extends also to understorey composition. In both instances 
chenopods, principally Maireana sedifolia, M. pyramidata and Atriplex vesicaria form 
a scattered shrub layer. Grasses and Sclerolaena species dominate the ground layer. 
Specht (1972) noted an apparent relationship between the presence of near surface soil 
carbonate and chenopods in the shrub layer of non-eucalypt woodlands in South 
Australia. Grasses are more common where the carbonate horizons are less well developed 
or more deeply buried. 
Woodlands dominated by Acacia species occupy about 30 percent of the drier continental 
areas (Perry 1970). Acacia aneura communities are by far the most extensive. In more 
northerly districts, A. aneura woodland grades almost imperceptibly into the Eucalyptus 
populnea communities closer to the coast. To the south, the boundary with other 
communities is more complex. Acacia aneura woodlands merge into the non eucalypt 
woodlands described above, or about chenopod shrublands. In South Australia, A. aneura 
communities replace mallee as the dominant woodland in areas receiving less than 200 
mm rainfall (Specht 1972). 
Acacia aneura is a species with strong northern affinities; requiring summer rain for 
growth and regeneration (Specht 1972). At its southern limits, A. aneura communities 
grow best on the deep acid-neutral sands of linear dune fields (Specht 1972) or on rocky 
hill sides (Perry 1970). On the deep acid sands, grasses such as Aristida contorta, 
Enneapogon spp and Danthonia bipartita form a seasonal understorey. Where carbonate 
horizons occur close to the surface, as in linear dunes of the Woorinen Formation, the 
community is very open, with Maireana sedifolia and Sclerolaena spp more common in the 
understorey. Scattered shrubs including Dodonaea, Cassia, Hakea and Eremophila 
species occur on sandy and calcareous sites. 
3.4.6 Shrublands 
Shrub dominated vegetation is widespread in the less hospitable habitats of coastal, 
montane, and inland areas. Distinctions are often drawn between low shrubland and tall 
shrubland formations (eg Carnahan 1976). Tall shrublands, in the guise of mallee and 
Acacia aneura communities have been described above, leaving low shrublands to be 
considered here. Two floristically disparate- low shrubland communities occur in south-
eastern Australia. 
Heath, a species rich assemblage of small leafed sclerophyllous shrubs (Specht 1981) is a 
community well developed on nutrient deficient soils in coastal and montane areas. Heath 
also occupies a substantial portion of leached sandy soils of semi-arid southern Western 
Australia (Beard 1967) and in the Murray Basin of south-eastern Australia ( Specht 
1981). 
Co-dominance of heath vegetation is shared between species from many families. 
Members of the Proteaceae, Fabaceae, Casuarinaceae, Epacridaceae, Xanthorreaceae and 
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Myrtaceae feature prominently as dominants (Specht 1972). Dwarf shrubs and 
Chamaephytes are common in the understorey, as are rhizomatous Cyperaceae and 
Restionaceae (Specht 1972). Alpine and sul>-alpine heaths contain a distinctive suite of 
taxa such as Podocarpus alpina, Oxylobium spp, Orites spp, Hovea spp, Epacris 
serpyllifolia and Prostanthera cuneata which distinguish them from coastal and semi-
arid communities where Banksia spp, Casuarina spp, Epacridaceae species and many 
species of the Myrtaceae are more prominent. Heath vegetation reaches its inland limits 
at about the 356 mm isohyet, where heaths grade into mallee via a transitional mallee 
heath community described above. 
Low shrublands dominated by a variety of drought tolerant, xeromorphic halophytes 
(chenopod shrubland) occupy a total of six percent of the continental area, chiefly in areas 
receiving between 125 mm and 266 mm annual rainfall (Leigh 1972). A large area of 
chenopod shrubland growing on the Riverine Plain in western New South Wales receives 
about 356 mm (Perry 1970). Major areas of chenopod shrublands receive between 30 percent 
and 50 percent of their rainfall in the winter months. The community grows on a variety of 
soil types, though favoured substrates are normally calcareous and alkaline throughout 
the profile (Perry 1970). Soils supporting chenopod shrublands range from gilgaied self 
mulching clays in the gibber areas of north~astem South Australia (Leigh 1972, Specht 
1972), through heavy textured alluvium to skeletal soils on rocky slopes (Leigh 1972). 
Taxa contributing to chenopod shrublands also occur in mallee and woodland communities 
growing on sandy sites (Rowan and Downes 1963, Noble and Mulham 1980). 
Chenopod shrublands are typically less than 1.5 metres in height, though stands of 
Atriplex nummularia may reach three metres in places (Leigh 1972). Community density 
is variable, with cover values commonly between ten and 30 percent (Specht 1972, 
Carnahan 1976). 
The floristic composition of most chenopod shrubland is comparatively simple, with large 
areas being dominated by one, or a few, shrub species. Atriplex vesicaria is a dominant 
shrub in the chenopod shrublands of western New South Wales, northern and eastern 
South Australia, and on the Nullarbor Plain (Leigh 1972), as well as contributing to the 
understorey of some mallee and woodland communities. Atriplex vesicaria communities 
can grow on soils ranging from the gilgaied, self mulching, gibber infested clays of 
northern South Australia, to red-brown texture contrast soils of northern Victoria and 
New South Wales or skeletal soils in the Grey and Barrier Ranges. On the Riverine Plain 
of western New South Wales, A. vesicaria communities are confined to heavy textured 
brown or grey clays typical of flood plains or younger lunettes (Perry 1970). Bluebush 
(Maireana sedifolia) occurs as pure stands or in association with A. vesicaria, Maireana 
pyramidata or Maireana astrotricha over much the same range as do A. vesicaria 
communities. Maireana sedifolia also occurs in the understorey of Allocasuarina cristata -
Myopoum platycarpum woodland and in mallee. A further common, and sometimes 
dominant species is Maireana pyramidata which occupies slightly more saline sites than 
either A. vesicaria or M. sedifolia (Specht 1972). Maireana pyramidata is common in 
the vegetation of heavily grazed lunettes in southern areas. 
Soil texture and related moisture and salinity factors serve to separate A. vesicaria from 
M. sedifolia at the local scale (Carrodus et al 1965, Leigh 1972, Specht 1972, Noble and 
Mulham 1980). Maireana sedifolia prefers freely draining soils which allow deep 
moisture penetration, whereas A. vesicaria is more common on duplex soils where the 
depth of wetting by rainfall is limited. The most saline sites, particularly around salt 
lakes or on ground affected by rising groundwater, are characterised by the presence of 
succulent chenopods such as Arthrocnemum halocnemoides and Pachycornia species. 
Nitraria schoberi and Maireana astrotricha occur with the succulents, but on slightly 
less saline soils. 
Grasses, especially Stipa species, Danthonia spp, Aristida spp and Eragrostis spp grow 
vigorously between shrubs during periods of adequate rainfall. Ephemeral Compositae 
also grow in profusion, particularly after summer rains (Leigh 1972). Sclerolaena species 
on the other hand, contribute to the understorey at all seasons (Specht 1972), and during 
most rainfall inputs. 
In the saline communities, Frankenia species, Zygophyllum spp and Disphyma spp 
dominate the ground cover, though some composites and salt tolerant grasses also occur. 
3.4.7 Grasslands 
Grasslands are of considerable economic importance to the Australian pastoral industry, 
and as a result have received considerable botanical attention . Four major grassland types 
are commonly recognised (Moore and Perry, 1970). Coastal grasslands have a primarily 
tropical distribution, and will not be considered here. Similarly, arid tussock grasslands 
dominated by Astrebla species are widely distributed in northern areas, especially on the 
black soil plains of inland Queensland, the Northern Territory and Western Australia . 
Astrebla communities also occur on heavy alluvial soils in northern and north western 
New South Wales where they merge with E. microtheca or E. Iargiflorens woodlands, 
and with chenopod shrubland (Cunningham et al 1981). 
Arid hummock grasslands, on the other hand, are very widely distributed in areas within 
the 200 mm isohyet (Groves and Williams 1981, Moore and Perry 1970), though Triodia 
iritans intrudes into mallee and woodland communities in northern Victoria and western 
New South Wales (Rowan and Downes 1963, Land Conservation Council 1974, Noble and 
Mulham 1980). Triodia and Plectrachne species dominate hummock grasslands, whether 
on dune sands, loamy interdune flats or on rocky slopes. There is often a scattered shrub or 
small tree component in which Casuarina decaisneana, Grevillea, Hakea, Eucalyptus and 
Acacia occur regularly. Ephemeral shrubs grow in profusion after rain. Zygochloa 
paradoxa often forms a distinctive community on dune crests and in inter-dune "swamps" 
(Specht 1972). 
Naturally occurring sub-humid grasslands have a comparatively limited distribution in 
south eastern Australia, though clearing and burning by European landholders has 
allowed the expansion of a modified grassland into areas formerly covered by woodland 
or shrubland (Groves and Williams 1981, Moore 1953). These adventitious grasslands are 
often dominated by indigenous species which formerly were part of the herbaceous 
understorey, but they also contain a liberal representation of alien species. 
The floristic similarity between true grassland and the understory of adjacent woodlands 
( Gillison and Walker 1981, Groves and Williams 1981) points to a strong relationship 
between the two formations. Natural grasslands, indeed, tend to occur as discrete patches 
within woodland communities, and usually occupy sites unfavourable for tree or shrub 
growth. In lowland areas, these limits are imposed by heavy textured clay soils where 
poor soil moisture characteristics, gilgai development and vigorous seasonal cracking 
prevent seedling establishment (Connor 1966b). In highland areas, persistently low 
temperatures in areas of cold air drainage serve a similar purpose. 
High altitude grasslands are dominated by Paa and Danthonia. Low altitude 
communities were once dominated by Themeda australia, a warm season perennial species 
which proved vulnerable to the combined impacts of heavy grazing, regular summer 
burning and the widespread use of fertilisers (Groves and Williams 1981, Allen 1983, 
Connor 1966b, Story 1969). Themeda grasslands are now largely confined to reserves 
protected from pastoral exploitation (Stuwe and Parsons 1977). The former Themeda 
communities are now dominated by Paa, Danthonia and Stipa species. 
3-5 Human history in the Murri)' Basin 
3.5.1 Aboriginal occupation 
Changing perceptions of the role of Aboriginals in modifying and controlling their 
environment (Latz and Griffin 1978, Hughes and Sullivan 1981, Kershaw 1985, 1988 ) 
make an understanding of the human history of a region vital to interpretation of the 
palaeoenvironmental record. 
Human occupation of the Australian continent is known to date from at least 40,000 BP 
(Pearce and Barbetti 1981, Nanson et al 1987 ). Much of the detailed information about 
ancient human occupation of Australia comes from semi-arid New South Wales where 
lunettes associated with the Willandra Lakes preserve skeletal and technological traces 
of human activity datingfrom at least 35,000 to 40,000 years BP. 
Intensive utilisation of major river systems has been very much a feature of Aboriginal 
exploitation of semi-arid areas. Detailed archaeological surveys along the Darling River 
and its Pleistocene precursor, the Darling Anabranch, are revealing a highly specialised 
riverine economy based upon an intimate understanding of river flood regimes and the 
lake responses flooding elicits (J Balme, pers comm). It appears that population densities 
along the Murray river at the time of contact were the greatest of any area outside the 
coastal fringes of southern New South Wales. 
Sites along the Murray River flood plain range in age between 16,000 BP and into the 
European era (Ross 1981) and occupation sites of similar age have been documented from 
along the Darling River (Balme, pers comm). It is likely that these riverine habitats 
have been almost continuously occupied since the Late Pleistocene. 
Little is known of the Aboriginal utilisation of mallee areas distant from lake and river 
systems. Ethnographic observations made by early European visitors indicate a low 
intensity seasonal exploitation of the rich food resources offered by mallee woodlands 
(May and Fullagar 1980). In northwestern Victoria, Ross (1981) has examined 
archaeological evidence from a large area of the mallee dunefields. No conclusive 
evidence of Pleistocene occupation of the Victorian mallee has yet been uncovered. 
Charcoal bodies dated between 27,000 BP and 22,000 BP within the Lake Tyrrell lunette 
have been tentatively identified as hearths, but doubt remains as there is no clear 
association of charcoal with artefacts at these sites (P.G. Macumber, pers comm). 
Ross (1981) identifies two phases of Holocene exploitation of the Victorian mallee 
habitat. The earlier phase, characterised by the presence of large stone tools, is thought 
to correspond to a period of high lake levels during the early Holocene. The assignment of 
an early Holocene age to the large tool phase rests upon a date of 7650 ± 110 BP obtained 
from a site on the Raak Plain (Ross 1981). The second phase of occupation is seen by Ross as 
a more general expansion of Aboriginal populations into mallee areas. Sites belonging to 
this more recent period of occupation consist of hearths and artefact scatters which are 
dominated by a microlithic tool assemblage which Ross (1981) compares with the 
"Australian small tool tradition" - a lithic industry said to have become widespread 
after about 4500 BP (Johnston 1979). Ross (1981) quotes dates of 2310 ± 80 BP and 1470 ± 80 
BP from the Wyperfield area in support of her contention that "small tool" sites are 
comparatively recent. The 60 or so artefact scatters and hearths now known from around 
the northern end of Lake Tyrrell (Plate 3.2 ) are related by Ross (1981,1982) to the Late 
Holocene occupation, as are sites around Lake Timboram and Lake Wahpool (Bell et al 
1982). 
Destruction of traditional Aboriginal society in northwestern Victoria following European 
contact was swift. Conflict with invading squatters, combined with the devastating 
effects of smallpox and venereal disease (Butlin 1982, S. Webb, pers comm) ensured few 
tribal Aboriginals survived into the twentieth century. By this time the traditional 
Aboriginal life style had long since vanished. 
3.5.2 European occupation 
European exploration and exploitation of western New South Wales and northwestern 
Victoria resulted in dramatic changes to the character of the entire region. When Charles 
Sturt followed the Murray River westwards in search of an inland sea during 1827 and 
1829, a number of geographical myths were laid to rest and attention was drawn to huge 
areas of land there for the taking. Sturt's rival Thomas Mitchell travelled the Darling 
River during 1835. A year later he reached the Murray-Darling junction before turning 
south towards the Port Phillip district (Condon 1980). Pastoralists did not lag far behind 
the explorers. The first cattle were driven along the Murray to Adelaide during 1838. 
The earliest attempt to penetrate the Mallee proper was made by Eyre in 1838. Local 
stories credit Eyre with the discovery and naming of Lake Tyrrell, but his efforts to reach 
the Murray River from Lake Hindmarsh were thwarted by dense mallee scrub (Lloyd and 
Mills 1973). 
Although Eyre was forced to retreat, it was not long before squatters followed. Large 
pastoral runs were taken up during the 1840s, and by 1850 much of Victoria's southern and 
eastern mallee was covered by pastoral leases. Occupation of western New South Wales 
proceeded at much the same rate - squatters had taken up the bulk of land along the 
Lachlan and Murrumbidgee Rivers by 1845 (Condon 1980), and by 1850 settlers had moved 
up the Darling River as far as Wilcannia. 
Graziers were for the most part content to rely upon native pasture for their stock, but by 
1878 many runs in Victoria had been abandoned, due to the combined effects of drought and 
overgrazing by rabbits, which had been imported to the area by settlers. The arrival of 
the rabbit had a devastating effect on the new grazing industry. The impact of rabbits and 
drought was equally severe to the north. 
During the 1870s settlement of areas away from the major rivers of western New South 
Wales was encouraged by improved well and tank-sinking techniques (Condon 1980). 
Extensive subdivision of the large pastoral runs in the Victorian Mallee began during the 
1880s in response to increasing demand for agricultural land from despondent farmers 
forced to abandon small holdings in South Australia by the combined effects of drought 
and declining soil fertility (Land Conservation Council 1974). Development of new tools, 
such as the stumpjump plough and mechanical stripper, made cultivation of freshly 
cleared mallee feasible, and settlement proceeded apace. Clearing was accelerated by 
new conditions and leasehold which required 25 percent of a block to be cleared within 
the first two years of occupancy (Bate 1989). By about 1890 huge areas of mallee had been 
cleared and the first crops had been harvested. Soldier settlement projects after the First 
World War led to further clearing along the northern edge of the Sunset Country and in 
the dune country around Lake Tyrrell itself. 
The impact of European settlement along the rivers was also severe. Irrigated wheat 
fanning was established near Swan Hill in 1870 and expanded considerably around 1890. 
Irrigation was further expanded along the Murray River between 1910 and 1930. 
A successful experimental voyage by the "Lady August" in 1852 led to an abrupt expansion 
of the river trade. Within twenty years several hundred wood burning steamers were 
transporting wool and supplies along the Murray and Darling Rivers. Their hungry boilers 
ensured a brisk pace of timber cutting and many of the black box and red gum forests along 
river courses were felled for fuel. 
The impact of European agriculture in the Mallee of northwestern Victoria is obvious. In 
the grazing lands of western New South Wales changes are more subtle. Structural 
changes in the vegetation are a result of overgrazing by sheep and rabbits, woody weed 
invasions and introductions of exotic taxa have been extensively documented ( Leigh and 
Mulham 1971 ). 
Plate 3.2. A small Aboriginal fire place at the northern end of Lake Tyrrell. 
Changes in the vegetation of the Murray Basin continue as cropping expands north of the 
Murray River and woody weed invasion of pasture gathers pace. Still more potentially 
damaging is widespread dryland salinisation as a result of rising regional watertables. 
The impacts of salinisation have yet to be felt fully and yet still cost tax payers some 
million dollars in lost production and remedial measures (Anon. 1986). Coupled with the 
prospects of significant global climatic change (Pittock 1988, Macumber et al 1988) there is 
a strong case for jealously guarding remaining areas of native vegetation as a buffer 
against unsustainable pressures which threaten economic viability of the region. 
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CHAPTER4 
Lake Tyrrell and surrounds 
- an outline of site characteristics 
4.1 Location 
Lake Tyrrell lies on the southern margin of the Mallee District in northern Victoria, 320 
km northwest of Melbourne, 45 km west of Swan Hill, and 6 km north of the township of 
Sea Lake (Fig. 4.1). 
4.2 Lake mol'J'holo~ 
The lake is a reniform depression measuring 23 km along a north to south axis, 11 km across 
the widest part of the southern basin, and 8 km across the northern basin. Between the two 
basins, a complex of peninsulas and islands narrows the lake to about 4 km, and provides a 
convenient geographical means of delimiting the area of the lake to be studied in detail. 
Most of the work described in subsequent chapters was carried out in the northern basin of 
the lake. 
Total lake area amounts to 185 sq km, with the lake floor accounting for 150 sq km of the 
whole. The balance is taken up by the numerous islands which form such an important 
element of the visual lakescape. Most of the lake bed features are vegetated, but none 
rises more than 10 m above the bare lake floor (Teller et al 1982). To the southeast, 
alluvial plains associated with the Avoca River system abut the eastern and southern 
margins of the lake (Fig. 4. 2). 
The only major channel entering the lake is Tyrrell Creek, an occasionally active 
overflow from the Avoca Riv~r, which drains part of the Central Highlands in the 
vicinity of St Arnaud. There is no surface outflow from Lake Tyrrell, and thus no channels 
leave the lake. 
4.3 Climate 
The climate at Lake Tyrrell is semi-arid, with high summer temperatures, relatively low 
rainfall and evaporation rates which exceed rainfall in all seasons. Rainfall variability 
is high, and non-seasonal droughts common. The incidence of heavy frost is low - of the 
order of one to 10 days per year. Based on mean annual rainfall figures from Sea Lake, 
Nandaly, Chinkapook and Tyrrell Downs (Table 4.1, Fig 4.3) Lake Tyrrell receives, on 
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average some 322 mm of rain per year, of which about 55 percent falls in the cooler months 
between April and October. 
Table 4.1 also lists average temperatures and evaporation figures for the two major 
climate stations closest to Lake Tyrrell ( Robinvale and Mildura Airport ). These data 
should be directly applicable to Lake Tyrrell as conditions at the three sites are very 
similar, although the average annual temperature at Lake Tyrrell will be slightly lower. 
Lowest temperatures and evaporation rates occur during June and July. The moisture deficit 
is at a minimum at this time, but pan evaporation still exceeds precipitation by as much 
as 240 percent. 
Winds in the vicinity of Lake Tyrrell (data from Swan Hill) have strong northerly and 
westerly components throughout the year. Winds with an easterly component are 
comparatively rare, although the wind rose for Swan Hill at 0900 hrs shows a strong 
southeasterly component (Fig. 4.4). In the 1500 hrs wind rose, the southeasterlies are less 
prominent. 
Rainfall is normally associated with southerly or southwesterly winds, which bring 
moisture from the Southern Ocean, but precipitation is generally triggered by local 
atmospheric conditions (Maher 1973). This contributes to the local variability in rainfall 
which drives landholders to distraction. 
4.4 Geol<>u and ieomor.phol<>JY 
Lake Tyrrell is unique among Victorian salt lakes in having been the subject of concerted 
investigation by several researchers. The geological and geomorphological features of the 
lake have been described by Teller et al (1982), Macumber (1983) and by Bowler and 
Teller (1986). 
The relationships between geological units at Lake Tyrrell are illustrated in Fig. 4.5. A 
functional base to the sequence is provided by the Geera Clay, a marine deposit belonging 
to the Murray Group. Above the Geera Clay is a thick sequence of Parilla Sand, which at 
Lake Tyrrell has a paralic rather than strictly marine character (Macumber 1983). 
Movement along the Tyrrell Warp during Plio-Pleistocene times has displaced the base of 
the Parilla Sand downwards by some 30 m (Macumber 1983), forming in the process a 
shallow structural depression which contains the modem Tyrrell-Wahpool - Timboram 
lake complex. This depression was recognised by Hills (1939) and termed the Tyrrell 
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TABLE4. 1 
Me an Monthly Rainfall (mm) 
STATION Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean Annual 
Chinkapook 23 34 36 26 35 30 30 34 31 36 30 18 353 
Sea Lake 20 30 22 24 34 33 31 32 32 35 25 21 339 
Tyrrell Downs 17 21 20 23 31 31 28 30 28 31 25 21 306 
Nandaly 12 20 18 20 33 32 29 29 36 26 18 19 292 
Mildura Airport Rainfall (mm) 
19 25 25 18 28 23 26 29 26 30 25 ?O 294 
Temp - Mean Daily Max (degrees C) 
31.2 31 28.l 23.8 18.7 16.4 15.3 17 20 24.l 27.3 29.5 23.6 
Temp - Mean Daily Min (degrees C) 
16.9 16.4 13.7 10.5 7.3 5.1 4.3 5.4 7.3 10.1 12.4 14.6 10.3 
Evaporation - Class A Pan (mm) 
332 283 230 138 81.2 53.6 62.4 94.2 133.5 195.9 255.4 329 2187.9 
Robinvale Rainfall (mm) 
39 56 26 44 27 22 25 48 19 34 40 23 403 
Temp - Mean Daily Max (degrees C) 
"'11.4 "'10.1 276 24 1 194 J'\ Q Vi 7 J/;O ')(\ Q ?1' 26 •o? 
"'Li 
Temp - Mean Daily Min (degrees C) 
15.7 16.6 13.3 10.6 6.5 3.7 3.9 5.2 7.1 9.4 11.7 13.9 9.8 
Evaporation - Class A Pan (mm) 
324.4 258.2 209.8 127.8 78.4 54 58 94.7 123.6 172.7 229. 17 310.2 2041.29 
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FIG.4.3. Annual distribution of rainfall and evaporation for selected stations around Lake Tyrrell. 
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Basin. Macumber (1983) argues that sagging in the Tyrrell Basin coincided with 
accumulation of the Blanchetown Clay, a lacustrine sequence which occupies the whole of 
the Basin, and is linked to the much larger Lake Bungunnia (Firman 1965, Lawrence 1966, 
Stevenson 1986). 
The thickest sequences of Blanchetown Clay occur in the north of the Tyrrell Basin. At the 
southern end of Lake Tyrrell, the Blanchetown Gay has been eroded to expose the Parilla 
Sand (Macumber 1983). Blanchetown Clay outcrops along the northern and western sides 
of the lake (Plate 4.1). The presence of Pediastrum colonies, and pollen of Myriophyllum 
in pollen preparations from near the base of the Blanchetown Clay suggests that the 
waters of Lake Bungunnia were comparatively fresh ( see Chapter 7 ). 
A palaeomagnetic stratigraphy from Chowilla on the Murray River near Renmark, and 
from the northern shoreline of Lake Tyrrell, indicates the bulk of the Blanchetown Clay 
was deposited during the Matuyama Epoch, between about 730,000 BP and 2.4 million BP 
(An Zhisheng et al 1986) 
Draped across the Parilla Sand and Blanchetown Clay is the aeolian Woorinen 
formation. Subdued "mallee" sand dunes (Bowler and Magee 1978) of the Woorinen 
formation approach the lake shore along the northern and western sides ( Fig 4.2). To the 
south and southeast the Woorinen formation occurs as a sand plain which gradually 
merges with alluvial plains associated with the Avoca River drainage system. 
Within the confines of Lake Tyrrell there occurs a thin sequence of gypseous lacustrine 
clays referred to by Macumber (1983) and Bowler and Teller (1986) as the Tyrrell Beds. 
The Tyrrell Beds are etched into the landscape by combined effects of groundwater and 
aeolian processes, and rest disconformably atop either the Blanchetown Clay or Parilla 
Sand. Both the Tyrrell Beds and the Woorinen Formation are magnetically normal 
throughout, and are thus less than 730,000 years in age. 
Lunettes found along the eastern side of the lake are formed from Tyrrell Bed clays 
pelletised and blown from the lake floor. The lunettes are recognised immediately 
adjacent to the lake (Macumber, 1983). The older red lunette partially overlies a sandy 
beach about 13 m above the lake bed (Macumber, 1983). Radiocarbon dates from the upper 
part of the red Junette indicate an age of about 32,000 year BP for the later stages of 
desiccation and deflation of the lake floor (Macumber, 1983). A date of 37,500 ± 2900 year 
BP (SUA - 1492) is used as an indication of the age of the high lake stand represented by 
the high level beach (Macumber, 1983). A well developed palaeosol separates the red 
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lunette from the overlying grey Junette, which also finds expression in the islands and 
peninsulas on the lake floor. 
The age of the grey lunette, which represents the most recent phase of deflation from the 
lake floor, is discussed by Bowler and Teller (1986), and by Luly et al (1986). A 
disconformity identified in cores from the lake bed north of Folly Point (disconformity A 
in Luly et al 1986 and in Fig. 4.6) is bracketed by dates of 101,060 ± 1650 year BP (ANU -
3068) and 23,590 ± 450 year BP, and probably marks the deflationary event which 
generated the grey Junette. A date of 22,040 ± 690 year BP (ANU - 2016) from within the 
grey Junette sediments forming Folly Point is consistent with this interpretation. Dates 
from below disconformity B cluster around 30,000 year BP, and are likely to provide a 
minimum age for events leading to the accumulation of the red Junette. 
4.5 Hydrolo~ 
Although Lake Tyrrell is the largest salt lake in Victoria, it is only sporadically 
flooded, and generally holds water during the winter months only. By early summer the 
lake is usually dry and salt encrusted. Water lying in the lake is rarely more than 50 cm 
deep in the southern basin of the lake, and a good deal less in the north. 
Water enters the lake in four ways (Fig. 4.7 ). In order of decreasing volume, there are: 
( 1) direct precipitation at the mean rate of 322 mm per year. Some of this water is lost 
by infiltration into the lake floor. The rest lies until it is lost by evaporation. 
(2) Flows down Tyrrell Creek occur rarely (twice in 10 years according to Teller et al, 
1982), but provide the bulk of water during major flooding events. As Tyrrell Creek 
is an overflow channel from the Avoca River, major flooding is tied to periods of 
heavy rainfall in the Central Highlands. 
(3) Direct runoff from the lake surrounds contributes about 5 cm of water to the lake 
(Teller et al, 1982). The local catchment is very small - about two kilometres in 
width on the eastern side, and less than 500 m along the western side. Total local 
catchment area is about 100 km2, most of which is highly permeable. 
(4) Groundwater flows contribute a small volume of water to the lake (about 1 cm, 
according to Teller et al 1982), but exerts an all-pervading influence over the 
character of the lake system (Teller et al 1982). 
Plate 4.1. Blanchetown Clay outcropping in cliffs along the northern edge of Lake Tyrrell at 
Palaeomag Bay. Note efflorescent salt crystallising from groundwater seepage. 
Trees in the background are Eucalyptus calcygona. 
Plate 4.2. Groundwater seeping from the foot of slopes at Palaeomag Bay. 
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Macumber (1980, 1983) provides detailed analysis of groundwater dynamics and 
hydrology of LakeTyrrell. The lake bed intersects the regional Parilla Sand aquifer. 
High rates of evaporation pump down groundwaters below the lake bed, generating a 
groundwater depression which directs flow lines towards the lake and forms a 
groundwater divide down basin from the lake (Macumber 1980, 1983, Teller et al 1982). 
Groundwater flows into the lake via a spring zone around the lake margins (Plate 4.2). 
Unmodified Parilla Sand groundwater at about 4 percent total dissolved solids ( T.D.S.) 
enters the lake along most of the shoreline, but springs in the northeast discharge waters 
pre-concentrated to around 12 percent T.D.S. during transit through the Timboram and 
Wahpool lake systems (Teller et al 1982, Macumber 1983). Activity in the spring zones 
varies seasonally as a function of change in recharge and evaporative losses. 
Shallow groundwater levels below the lake surface fluctuate diurnally as the balance 
between evaporation and inflow changes, about weekly in sympathy with the progression 
of atmospheric pressure systems, and seasonally on a function of regional recharge and 
increase in groundwater pressures (Macumber, 1983). Whilst these fluctuations are 
comparatively small scale, they have a significant impact upon the distribution and 
persistence of salt crusts on the lake surface. 
4.6 Ye~etation 
Lake Tyrrell is strategically placed in a transition zone between vegetation of the aeolian 
mallee landscape, the plains country of the Wimmera and the drainage systems 
connecting with the Murray River. The flora of each of these regional elements contributes 
to vegetation growing around the lake. A century of grazing and cereal production has 
drastically altered the original vegetation, but traces of the native communities can be 
found in a couple of small reserves, along roadside verges and in areas unsuitable for 
cultivation (Fig. 4.7). These refugia provide a useful standard with which to compare 
vegetation described from the immediate lake surrounds, and will be treated as reference 
sites for the communities they contain. In general it is most useful to consider the 
vegetation surrounding Lake Tyrrell in relation to a suite of distinctive geomorphological 
settings. There are: 
(1) groundwater discharge rones; 
(2) lunettes; 
(3) mallee dunes: 
(4) drainage lines; 
(5) alluvial plains and the Wimmera. 
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The agricultural landscape also contributes a range of introduced taxa to the vegetation 
and deserves equal attention. 
Groundwater discharge zones take three forms around Lake Tyrrell, each of which 
supports a distinctive assemblage of halophytic plants. Spring zones along the edge of the 
lake discharge groundwater at 35 percent T.D.S. or greater (Macumber, 1983). Evaporation 
further concentrates the brine, and the high salinities which result exclude all plants 
from the lake floor. The vegetation closest to the spring zone takes the form of widely 
spaced individual clu.mps of Pachycornia tenuis and Arthrocnemum sp (probably A. 
halocnemoides) which are often found perched atop a mound of clay pellets blown from 
the lake floor (Plate 4.3). On slightly higher sites, taxa such as Disphyma australe, D. 
clavellatum and Frankenia pauciflora occur between the clumps of samphire. In some 
areas, especially along the western side of the lake where groundwater is dominated by 
flows from the Parilla Sand aquifer there are small stands of Melaleuca halmaturorum 
(Plate 4.4). Most of the Melaleuca stands are dying, possibly as a result of rising 
groundwater tables bringing hypersaline lake brines into the root zone. 
Saline depressions (boinkas, Macumber, 1980) to the north of Lake Tyrrell are examples of 
a slightly less saline groundwater discharge environment, and support a wider range of 
taxa than do the spring zones. The samphires Arthrocnemum sp and Pachycornia spare 
augmented by a number of Sclerolaena species, Franken~ pauciflora and Zygophyllum 
aurantiacum. The boinka floor vegetation grades into a community containing Atriplex 
species and Maireana pyramidata which grow on higher points in the depressions. Most 
boinkas are becoming more active in response to rising regional groundwaters (Macumber 
1980, 1983) and progressive increases in the importance of samphires and increased extent 
of bare salinised ground can be expected in the near future . 
Depressions with an impermeable base sometimes develop a local ponding of fresher sub-
surface waters (Macumber 1983). Three examples are found near Lake Tyrrell: Box Gully, 
Box Aat and a small patch west of the Hogan State Forest (Fig. 4.7). Each of these sites 
features a prominent tree stratum of Eucalyptus largiflorens (Black Box) (Plate 4.5) . The 
understorey is variable. At Box Gully Chenopodium nitrariaceum forms an almost 
impenetrable thicket below the Black Box trees. Muehlenbeckia cunninghamii, Rhagodia 
gaudichaudiana and Maireana pyramidata also occur. The Black Box trees in Box Gully 
are heavily infested by mistletoe (Amyema spp). 
Box Flat near Chinkapook is less influenced by proximity to Lake Tyrrell and has been 
less heavily grazed than Box Gully. Here understorey taxa include Halgania cyanea, 
Plate 4.3. Samphire trapping windblown clay pellets on the eastern margin of Pup Lagoon. 
Plate 4.4. Dying Melaleuca halmaturorum on the western side of Lake Tyrrel l. 
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Plate 4;5. Eucalyptus largiflarens stand at Box Gulley. 
Plate 4.6. · Maireana.pyramidata dominates heavily grazed lunettes. The grass cover in this 
photograph is unusually dense. 
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Zygophyllum aurantiacum, Z. apiculatum, Exocarpos aphyllus and Olearia pimeleodes. 
An intrusion of \.fallee taxa can be seen in the presence of Eucalyptus foecunda, E. dumosa 
and Dodonaea attenuata around the edges of the depression. Chenopodiaceae in Box Flat 
include Sclerolaena spp, Enchylaena tomentosa and Maireana pyramidata. 
The final example of a Black Box depression shows the effects of rising saline 
groundwaters: the trees are dying, and the site is gradually being taken over by 
Chenopodiaceae, particularly Chenopodium nitrariaceum, Maireana pyramidata, 
Sclerolaena spp and Rhagodia gaudichaudiana, as well as a range of grasses (which 
could not be identified at the time of visiting) . 
Vegetation on the lunette complexes to the east of Lake Tyrrell varies with the age of the 
dune. Lunettes east of the Sea Lake to Manangatang road have been cleared for 
cultivation. Roadside vegetation in these areas is similar to that of roads through 
cleared Mallee dune country, and suggests that a mallee flora also occupied the ancient 
lunettes. Taxa represented along the roadsides include Eucalyptus foecunda, E. dumosa, 
Myoporum platycarpum, M. montanum and the usual Sclerolaena spp. Characteristic 
shrubs of such disturbed roadside habitat include Dodonaea attenuata, D. augustissima, 
Cassia nemophila, Pittosporum phylliraeoides, Eremophila glabra and the introduced 
weed Nicotiana glauca. By contrast, the most recent (grey) lunette still contains much of 
the salt transported from the lake bed with wind blown clay pellets, and supports a 
halophytic flora dominated by members of the Chenopodiaceae. 
On parts of the lunette heavily grazed by sheep, Maireana pyramidata and Sclerolaena 
spp survive as the dominant shrubs (Plate 4.6). Grasses and daisies (Asteraceae) grow 
prolifically in years of adequate rainfall, but quickly dry to become unidentifiable 
withered relics as summer progresses. Where grazing pressure is less severe, as on the 
islands, a wider range of chenopods and other taxa can survive. Atriplex vesicaria 
dominates these areas. Other chenopods noted in the less heavily grazed Junette tracts 
include Maireana apressa, M. sedifolia M. pyramidata, Enchylaena tomentosa, 
Rhagodia gaudichaudiana, Babbagia acroptera, Sclerolaena quinquecuspis, 5. biflora, S. 
decurrens, S. brachyptera and S. eriacantha. Additional taxa include Lavatera plebeia, 
Helipterum stuartianum, Plantago drummondii, Swainsona sp, Zygophyllum 
ammophilum and Disphyma australe. Occasional trees are found on the lunette, 
principally Pittosporum phylliraeoides and Heterodendrum oleifolium. 
Vegetation on the mallee dunes has borne the brunt of agricultural activity around Lake 
Tyrrell, and has been reduced to a sad straggling fringe around the northern and western 
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edges of the lake (Plate 4.7). Dominant trees are mallee eucalypts including E. gracilis, E. 
dumosa, E. foecunda, E. calcygona and possibly E. oleosa. Other trees occurring in the 
mallee fringe include Callitris preissii, C. verrucosa and Heterodendrum oleifolium. 
Heterodendrum is often left as a forage and shelter tree in surrounding farmlands and was 
obviously an important element in the pre-clearance vegetation. Rhagod ia 
gaudichaudiana, Enchylaena tomentosa, Maireana pyramidata and Sclerolaena species 
are the most common understorey shrubs. Grasses and Asteraceae are also common. Rarer 
plants include Acacia oswaldii, Grevillea huge/ii, Eremophila glabra, Cassia nemophila 
and Exocarpos aphyllus. 
A clearer indication of the likely composition of the original mallee communities which 
grew around Lake Tyrrell can be gained by considering the vegetation surviving in the 
Hogan State Forest and Eureka Reserve (Fig. 4.7). The vegetation in both reserves is 
varied, ranging from mallee, to open woodland dominated by Callitris preissii, 
Allocasuarina Iuehmannii and Heterodendrum oleifolium. The eucalypt species adopt a 
big mallee growth form, except in one small comer of the Hogan State Forest where E. 
incrassata and E. foecunda form a patch of small mallee on the loose sandy crest of a low 
dune. Eucalyptus incrassata is the only addition to the list of eucalypts found at Lake 
Tyrrell itself. 
Interdune areas in the Hogan State Forest support the more open woodland of Callitris 
preissii and Allocasuarina luehmannii ( Plate 4.8 ). Stipa variabilis formed a nearly 
continuous understorey during one visit (December 1984). but had died and dried the 
following year. Higher on the dune flanks, mallee eucalypts become more prominent. 
Chenopod shrubs cluster under the eucalypts; especially common is Rhagodia 
gaudichaudiana but Maireana sedifolia, M. pyramidata, Enchylaena tomentosa and the 
whole range of Sclerolaena species also occur regularly. Other shrubs found on the dunes 
include Hakea vittata, Exocarpos aphyllus, Acacia ligulata, A. wilhemiana, 
Pittosporum phylliraeoides, Pimelea pauciflora, Olearia pimeleoides and Cassia 
nemophila. Dodonaea augustissima is often found on the edges of clearings, perhaps 
indicating disturbance of these areas. Human intervention in the vegetation is also 
indicated by the large number of cut Callitris stumps which occur in the reserve. 
Herbaceous plants not represented at Lake Tyrrell include Ptilotus sp , Helipterum 
bracteatum, Myriocephalus stuartii, Sarcozona praecox and Helichrysum leucopsidium. 
Sand dunes do not feature as prominently in the Eureka Reserve as in the Hogan State 
Forest. The vegetation is also slightly different, with much of the area dominated by 
Heterodendrum oleifolium and Allocasuarina leuhmannii . Understorey in the 
Plate 4.7. Severely degraded mallee at the northern end of Lake Tyrrell. 
Plate 4.8. Allocasuarina luehmannii woodland in the Hogan State Forest. 
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Allocasuarina- Heterodendrum stands is typically sparse, comparing well with similar 
vegetation in the Sunset Country to the north and west of Lake Tyrrell. The Eureka 
Reserve also contains a small stand of Allocasuarina cristata, a species uncommon in this 
part of Victoria and more typical of drier areas north of the Murray. In other aspects, 
however, vegetation in the Eureka Reserve closely resembles that of the Hogan State 
Forest, and indeed that of the northern end of Lake Tyrrell itself. 
Drainage lines are a comparatively restricted habitat in northwestern Victoria, but 
contain a number of taxa which might provide a distinctive input to the pollen found in 
lake sediments. Vegetation in the upstream tract of Tyrrell Creek is similar to that found 
in Box Gully, with Eucalyptus largiflorens growing beside the channel in company with 
Muehlenbeckia cunninghamii and Chenopodium nitrarariaceum. Eucalyptus 
camaldulensis grows on the more frequently flooded sites in the creek system. At the creek 
mouth, the influence of saline groundwater discharging from the Parilla Sand ensures 
that spring zone vegetation extends well upstream from the lake. 
The transition from aeolian landforms of the mallee to the primarily alluvial landscape 
in the Wimmera, which occurs slightly to the south of Lake Tyrrell, also marks a change 
in the dominant vegetation. In this area, typically semi-arid communities give way to box 
woodlands which extend east and south to the slopes of the Eastern Highlands. The box 
woodlands have also suffered in the cause of wheat production, effectively blurring the 
characteristics of boundaries between the mallee and box dominated communities. 
Woodland vegetation was once dominated by combinations of Eucalyptus hemiphloia, E. 
Iargiflorens, E. Ieucoxylon, E. camaldulensis and Allocasuarina leuhmannii. Grasslands 
dominated by Stipa and Danthonia species occur in some areas, particularly on heavy 
clay soils (Connor 1966 b). Less common trees occurring in restricted habitats include 
Eucalyptus viminalis, E. baxteri, E. melliodora, Callitris preissii and Banksia 
marginata . A severely degraded patch of vegetation allied to communities of the 
alluvial plains occurs on the southeastern side of the lake, just to the east of the outer 
edge of the grey lunette. The patch contains Eucalyptus largiflorens, Allocasuarina 
leuhmannii, Muehlenbeckia cunninghamii and Chenopodium nitrariaceum. 
Introduced plants are an important part of the flora at Lake Tyrrell. Weeds grow freely in 
fallowed paddocks, along lunettes and roadsides, in the mallee fringe. Weeds are also 
found in the forest precincts and in other patches of native vegetation. A far from 
comprehensive list of introduced plants commonly found around the lake would include: 
Brassica tournefortii, Centaurea mitensis, Citrullus colocynthus, Citrullus lanatus, 
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Echium Iycopsis, Heliotropium europeaum, Hypochaeris glabra, H. radicata, Limonium 
thouinii, Marubium vulgare, Mesembryanthemum crystallinum, M. nudiflorum, Nicotiana 
glauca, Onopordum acaulon, Rumex crispus, Silybum marianum, Solanum elaegnifolium, S. 
nigrum and Sonchus oleraceus. 
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CHAPTERS 
Modem Pollen Studies in Northwestern Victoria 
5.1 Introduction 
The composition of an assemblage of fossil pollen is the product of diverse biological and 
environmental processes which affect pollen production, dispersal, deposition and 
eventual incorporation of pollen into the sediment column. Interpretation of pollen spectra 
in terms which can be applied to the reconstruction of vegetation or climate depends 
heavily upon a thorough understanding of the way these processes operate at the site to be 
investigated. Practically speaking this makes it necessary to manipulate elements of the 
modern pollen rain to serve the needs of the moment, but at the same time it must be 
recognised that different conditions in the past may well alter the balance of the processes 
controlling pollen inputs. Several means of investigating the modern pollen rain are 
available. 
Pollen traps sample the pollen "rain" in a sequential fashion which allows the 
calculation of pollen flux, within limits imposed by the trap design. Traps are 
particularly useful for examining short term variations of pollen flux in relation to 
environmental parameters. They can also be used effectively to isolate specific components 
of pollen inputs to a site, a function well illustrated by Tauber (1967) in the forests of 
Jutland. Pollen traps have the advantage of being independent of substrate, and can be 
located wherever necessary, an important factor in areas where sediment accumulation is 
slow and pollen preservation poor. 
Surface samples, on the other hand, have little or no temporal control. They tend to 
integrate pollen inputs received over a long period, isolating the pollen analyst from short 
term variations in pollen flux· and giving a more reliable guide to the sum of pollen 
retained on the site. In this respect, surface samples are more akin to the typical site for 
pollen analytical studies than is an artificial trap. Surface samples are most often taken 
from moss polsters, but have also been collected from almost all conceivable sedimentary 
deposits including swamps, lakes, soils, stock tanks and shrub coppice mounds. 
The functions served by modem pollen surveys are as diverse as the materials which 
provide surface samples. On a continental or regional scale, analyses of pollen from surface 
samples have been used to assess relationships between major vegetational formations and 
the distribution of pollen types likely to occur in pollen diagrams (Singh et al 1972, Davis 
and Webb 1975,Webb and Yeracaris 1981, Dodson 1983). On a more local scale, samples of 
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the modern pollen rain are frequently used to provide a starting point in assessing the 
significance of changes detected in specific fossil pollen assemblages - Australian 
examples include studies by H.A. Martin (1973), Hope (1974), Kershaw (1973), Ladd 
(1976,1978, 1979a, b), Binder and Kershaw (1978) and Macphail (1979). 
A more sophisticated, but related, approach to the use of modern pollen spectra lies in the 
calculation of correction factors ("r-values" of Davis 1963) for taxa occurring in pollen 
counts. The correction factor attempts to overcome problems of representation posed by 
differing sorts of pollen production and dispersal, and theoretically allows quantitative 
estimates of plant populations to be made from pollen percentages in sediment samples. 
Difficulties in the practical application of correction factors were recognised by Davis 
(1968) and by a number of others (Jannssen, 1966, 1967 , 1973, Faegri 1966 and Oldfield, 
1970). Only one attempt has been made to employ the technique in an Australian context 
( Kershaw and Hyland 1975). In a further sophistication, modern pollen samples have 
been used to develop mathematical models which relate pollen spectra directly to 
climatic parameters, bypassing concerns with vegetational composition and reconstruction 
entirely (Webb and Bryson, 1972, Bryson and Kutzbach 1974,Webb and Clark 1977). As yet 
there are no published Australian equivalents of these studies (but see Kershaw 1973). 
A different set of potential uses for modern pollen studies lies in the need to identify and 
evaluate environmental processes which constrain the interpretation of pollen recovered 
from sedimentary sequences. Atmospheric processes were investigated by Tauber (1965, 
1967), who recognised the composite nature of airborne pollen inputs to lakes in temperate 
forested areas, and estimated the likely contributions of each component to basins of 
differing size and differing distances from the primary pollen source. The basic Tauber 
model of pollen transfer still provides the theoretical underpinning of most pollen 
analytical research. 
While Tauber concentrated upon the role of aerial recruitment of pollen to lakes, the input 
of waterborne pollen from lake catchments has also received attention. Peck (1973) 
examined pollen budgets for two small English lakes by using arrays of pollen traps set 
above and below water, supported by detailed analyses of short sediment cores which 
sample the last 80 years of deposition in the lakes. The results indicate 91 to 97 percent of 
pollen entering the system is waterborne, with the greater part carried by surface wash 
from the catchment. Similar conclusions were reached by Bonny (1976, 1978), and by Bonny 
and Allen (198 ~). Peck (1973) also quoted significant differences in the composition of 
airborne and waterborne fractions of the pollen flux, as did Hope (1973) in comparisons 
63 
between pollen trap catches and surface sample spectra from Mt Wilhelm in the 
highlands of Papua New Guinea. 
Further complications are introduced by processes of sedimentation operating in lakes. 
Sediment focusing (Likens and Davis 1975) is of interest to many workers, and poses 
particular problems to workers trying to study pollen accumulation over long time spans 
(Davis et al 1984) . Changes in basin geometry on the lake fills (Likens and Davis 1975, 
Davis and Ford 1982,Lehman 1975) also add an element of uncertainty to the analysis of 
"absolute" pollen data. Deep Sediment traps frequently collect more pollen than do traps 
set higher in the water column or in the air, indicating the importance of re-suspended 
pollen in the overall flux from water column to sediment column (Hilton 1985). The process 
of re-suspension and re-distribution of sedimentary particles into deeper water contributes 
to systematic variations in the distribution of pollen in surface samples partly by sorting 
and differential deposition according to the size and density of the grains (Davis and 
Brubaker 1973), and partly to differences in the exposure of shorelines to wave and current 
action (Bonny and Allen 1984, Dodson 1977). 
5, 2 The pollen rain in northwestern Victoria 
5. 2. 1 Study aims 
A common factor in the studies of pollen transport and deposition referred to above is the 
dominance of water as the driving force behind pollen transfers and re-mobilisation . 
Virtually nothing is known of the behaviour of pollen in areas where rainfall is erratic, 
surface wash from catchments unusual and flooding of lakes rare. This chapter is intended 
to provide a foundation for the interpretation of fossil pollen recovered from Lake Tyrrell. 
The first section examines characteristics of pollen spectra generated by major vegetation 
communities occurring in semi-arid Victoria, and attempts to define a pollen catchment for 
the lake. The second section illustrates some of the processes of pollen recruitment and 
sedimentation which determine the fate of pollen entering a salt lake environment. 
5.2. 2 Methods 
Several factors combined to limit the potential ways of gathering information about the 
modem pollen rain in northwestern Victoria. Most important was the need to recover 
pollen from environments where soils were unlikely to yield pollen from surface samples. 
A second factor was the desirability of being able to estimate the rates of pollen flux. 
Accordingly, pollen traps were employed. 
The traps were of a design modified from Tauber (1967). The trap body is made from 80 mm 
PVC water pipe, topped by a contoured plastic cap intended to minimise turbulence in air 
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passing across the top of the trap. The aperture in the cap was fitted with a wire grill to 
discourage insect visitors, a measure which was not notably successful. Hoverflies, ants, 
spiders and wasps seemed to find the traps attractive refugia from the heat of the day, 
and often perished in the trapping fluid - a poisonous mixture of 1 part glycerol to 1 part of 
10 percent formalin. The catches were prepared following the recipe provided by Faegri 
and Iversen (1975). 
Each trap was wired to an iron star picket, with the top of the trap about 1.5 metres above 
the ground. Several traps, especially those sited in low shrublands, became favoured 
roosting places for the local birds of prey. Attempts to discourage the birds with artfully 
arranged wire spikes were unsuccessful, and catches were occasionally contaminated by a 
thin gruel of pre-digested mouse and disarticulated insects. Preparation of these samples 
was particularly unpleasant but the results did not appear to be seriously affected. Traps 
placed in areas frequented by stock were protected by a crude barbed wire fence. 
As far as possible, pollen traps were placed in undisturbed stands of vegetation and for 
preference, were set in clearings to minimise the impact of overhanging trees on pollen 
catches. The first traps were put in place during May 1979. A supplementary series of 
traps, including two traps fitted with roofs to exclude the rainout component of the pollen 
rain, was installed along east-west and north-south transects at Lake Tyrrell during 
November 1979. Traps were emptied during May and November each year, and were 
removed in November 1981. A minimum of 250 pollen grains were identified from each 
trap collection. 
The vegetation around each pollen trap was described using an array of quadrats placed 20 
metres apart along 100 m long axes radiating out from the pollen trap (Fig. 5.1). 
Additional quadrats were placed on alternate axes at 2 metres and 4 metres from the trap, 
giving a total of 48 quadrats per trap. Quadrat sizes varied at each site, depending upon 
the minimal area for each vegetation type. Minimal areas were determined using nested 
quadrats. 
Plants collected during vegetation surveys were identified, where possible, by the 
National Herbarium of Victoria. Specimens are lodged with the Herbarium. Many of the 
herbs were shriveled beyond redemption, and could not be adequately identified. Cover 
abundance estimates have been limited to plant groups clearly recognisible on pollen 
morphological grounds, but some others which could be reliably identified are also listed. 
Where possible plant names are those used in The Flora of Australia . 
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5.2.3 Pollen trapping - site descriptions and results 
Heathland 
The pollen traps were placed in mallee-heath vegetation along the Murrayville to Nhill 
road, in the Big Desert (Fig. 5.2). The Main Road trap was established about 100 m from 
the road, approximately 17 km south of Murrayville, and 13 km from the boundary 
between heathlands and farmland (Grid 239801, Danyo 1:100,000 sheet). The Bee Track 
site is 3 km south, and 1 km from the main road trap site (Grid 268785, Danyo 1:100,000 
sheet). Mean annual rainfall at Murrayville, the nearest settlement, is 327 mm. 
The Main Road pollen trap site lies on the flank of a large parabolic dune. Relief around 
the trap is subdued, but the nearby dune rises about 12 m above the general level of the 
terrain. The vegetation is quite dense, with an abundance of medium sized shrubs (Plate 
5.1 ). Most common are Callitris verrucosa , Baeckea behrii , Allocasuarina pusilla , 
Leptospermum laevigatum and Banksia ornata . Other larger forms occur more rarely: 
Exocarpus sparteus, Grevillea pterosperma, Micromyrtus ciliatus and Lep tosperm um 
myrsinoides. Eucalyptus incrassata and E. foecunda occur occasionally, especially near the 
dune crest. Small shrubs grow most strongly in areas burned clear of the taller species. A 
wealth of species are involved, including Calytrix tetragona , Leucopogon rufus , L. 
cordifolius ,Phebalium bullatum, Astroloma sp, Hibbertia sp, Boronia caerulescens, 
Correa reflexa, Grevillea ilicifolia, Loudonia behrii, Dampiera marifolia, Eriostemon 
pungens, Kunzea pomifera, Aotus ericoides, Olearia sp, Comesperma patens and Hakea 
muellerana. A lower storey to the vegetation is formed by herbs such Goodenia sp 
(affinity with G. affinis), Pimelea trichostachya, Lomandra sp, Helichrysum 
obtusifolium and a surprisingly strong component formed by sedges (Lepidosperma 
viscidum, L. carphioides ) and Restionaceae ( Lepidobolus draepetoculus ) . Cassytha 
melanantha infests many of the taller shrubs. There are also occasional senescent clumps 
of Triodia irritans. 
The Bee Track site is on an undulating sandy plain between major parabolic dune 
complexes, the nearest of which rises abruptly about one kilometre north of the trap. The 
site is atop a low rise. Vegetation at the Bee Track site is generally lower and more open 
than that at the Main Road site (Plate 5.2) but in other respects is similar. Additional 
taxa occurring at this site include Cryptandra propinqua, and occasional specimens of 
Thysanotus patersonii and Comesperma scoparia. Two mallee trees (both Eucalyptus 
incrassata ) grow about 100 m south of the trap. A larger mixed stand of E. incrassata and 
E. foecunda is found some 600 m southwest of the trap site. 
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Table 5.1 summarises pollen catches from the Main Road and Bee Track traps between 
November 1979 and November 1981. Results from all collections have been combined to 
minimise the effects of any seasonal variations in pollen production. The sum for 
calculation of percentages is total native pollen and spores. Pollen accumulation rates are 
expressed as pollen grains per square centimetre per year (grains per cm2 I yr ) . 
Pollen assemblages from both traps are dominated by Callitris , which contributes 30 
percent and 24 percent of the total pollen catch. There is a strong representation of 
Baeckea comp in the Bee Track trap (15.5 percent), but substantially less in the Main Road 
trap (2 percent), despite. similar foliage cover at each site. Leptospermum pollen reaches 
13 percent in the Main Road trap and 5 percent at Bee Track - again in a community with 
similar cover values for L. myrsinoides and L. laevigatum . The same can be said for 
Calytrix tetragona (9 percent in the Main Road trap and 3.4 percent at Bee Track). A 
slightly different twist is given to the story by catches of Casuarinaceae pollen and 
Cyperaceae pollen which have similar in percentages in the traps ( Casuarinaceae - 7.9 
percent at Main Road ,10 percent at Bee Track; Cyperaceae - 0.55 percent at Main Road, 
0.58 at Bee Track), despite considerable differences in the cover abundance for each taxon 
at the different sites( Casuarinaceae at Main Road - 8.37 percent, Bee Track 20 percent; 
Cyperaceae at Main Road -5.4 percent, Bee Track 13.2 percent) . Eucalyptus pollen is an 
important part of the pollen catch, similar catches are found in each trap (14 percent at 
Main Road, 16.8 percent in Bee Track) despite a minimal occurrence in local (9.5 percent, 0 
percent) and background vegetation. 
A wide range of other taxa are represented in trap catches, though as small percentages, 
and with very low rates of pollen accumulation. Many of these taxa are not recorded in 
vegetation surveys around the pollen traps but could be expected to grow in nearby areas. 
These pollen types include Apiaceae, Hydrocotyle, Trachymene , Haloragis , Plantago , 
Liliaceae, Acacia , Stylidium , Thomasia petalocalyx , Melaleuca uncinata I glomerata 
type, Exocarpos sparteus , Spyridium and Opercularia. Types less likely to have an origin 
in the mallee-heath vegetation include Euphorbiaceae, Beyeria , Apocynaceae, 
Chenopodiaceae, Dodonaea , Muehlenbeckia , Myoporaceae Disphyma , 
Gyrostemonaceae, Typha and fem spores. Coprosma is a peculiar case, as the genus has not 
been recorded from within the region of interest in this thesis (Churchill and De Corona 
1972). 
Pollen accumulation rates vary considerably between traps and between taxa. The rate in 
the Bee Track trap is only about 60 percent of that from the Main Road site (2018 
grains/cm2/year, as against 1224 grains/cm2/year) over the period of trapping. This 
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Plate 5.1. Mallee heath at the Bee Track pollen trap site. 
Plate 5.2. The Main Road pollen trap. 
Table 5.1 Pollen catches from traps in heathland vegetation 
Main Road Trap Bee Track Trap 
Percent Accumu- Percent Percent Accumu- Percent 
Tax on of native lation foliage of native la ti on foliage 
pollen Rate cover in pollen Rate cover 
veg surve) 
Callitris 30.13 608.41 8.62 24.26 297.11 6.60 
Casuarinaceae 7.95 160.55 8.37 10.09 123.59 2.00 
Eucalyptus 14.11 284.87 9.57 16.86 206.56 0 
Chenopodiaceae 2.32 46.99 0 3.71 45.52 0 
Asteraceae (fubuliflorae) 2.88 58.25 0 2.71 33 .28 0 
Poaceae 10.83 202.54 0.27 16.82 206.07 1.75 
Dodonaea 0.65 13.22 0 3.71 45.52 0 
Baeckea sp 2.49 50.42 5.67 15.5 189.91 8.30 
Baeckea behrii 0.55 11.25 2.85 1.43 17.62 1.47 
Banksia 0.43 8.80 1.02 0 .33 4.16 5.22 
Hakea muellerana 0.30 6.12 2.87 0.47 5.87 0 
other Proteaceae 0.13 2.69 0.97 0.04 0.49 1.62 
Boronia 0.02 0.50 0.37 0 0 1.07 
Correa 0.09 1.96 + 0 0 + 
Calytrix 9.61 194.07 4.5 3.45 42.34 5.75 
Leptospermum 13.00 264.031 13 .07 5.56 68.28 11 .05 
Melaleuca glomerataluncinata 0.06 1.22 0 0 .16 1.96 0 
Melaleuca sp 0 0 0 0.19 2.44 0 
Cryptarulra 0.10 2.20 1.02 1.05 12.97 3.30 
Spyridium 0 0 0 0.23 2 .93 0 
Cyperaceae 0.55 6.85 5.45 0.58 11. 75 13.20 
Exocarpos sparteus 0 0 0 0.05 0.73 0 
Goodeniaceae 0.10 2 .20 + 0.12 1.47 + 
Restionaceae/Centrolepidaceae 0.23 4.65 + 0.99 1.22 + 
Stylidium 0.09 1.96 0 0 0 0 
Thomasia petalocalyx 0.06 1.22 0 0 0 0 
Acacia 0.04 0.98 0 0.01 0.24 0 
Apocynaceae 0.48 9.79 0 0 0 0 
Coprosma 0.01 0.24 0 0.01 0.24 0 
Opercularia 0 0 0 0.08 0.98 0 
Disphyma 0 0 0 0.08 0.98 0 
Euphorbiaceae 0 0 0 0.04 0.49 0 
Beyeria 0.02 0.49 0 0 0 0 
Gyrostemanaceae 0.08 0.98 0 0.14 2.94 0 
Haloragis 0.10 2 .25 0 0.12 1.47 0 
Hydrocotyle 0.01 0 .24 0 0 0 0 
Trachymene 0.04 0.98 0 0.99 1.22 0 
Liliaceae 0 0 0 0.04 1.0 + 
Leguminosae 0 .09 1.22 4.02 0.01 0.24 1.12 
Myoporaceae 0.09 1.96 0 0.08 0.09 0 
M uehlenbeckia 0.01 0 .24 0 0 0 0 
M yrtaceae (undifferentiated) 1.79 36.22 0 0 0 0 
Native Plantago 0.12 2 .69 0 0.24 2.94 0 
Solanaceae 0.02 0.50 0 0 0 0 
Typha 0 0 0 0.12 1.50 0 
Fems 0 0 0 0.04 0.49 0 
Exotic taxa 1.31 26.46 0 1.59 19.58 0 
Unidentifiable 0.39 4.89 0.24 4.65 
Unknown 0 .35 7.10 1.99 24.72 
+ = < 1 % projected foliage cover 
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variation is reflected in catches of individual pollen types, many of which , for example 
Allocasuarina , Callitris and Baeckea comp do not relate directly to either proportions of 
the taxa in the vegetation around the trap, or to proximity of individual shrubs to the 
trap site. Several important pollen types have very similar accumulation rates: Poaceae 
(202 versus 206 grains/cnl2/year), Chenopodiaceae (46.99 grains/cm2/year versus 45.5 
grains/crn2/year), and a smaller component of Plantago (2.6 grains I cm2 /year versus 2.9 
grains/cm2/year). These taxa have in common a primary dependence on wind pollination, 
and scarcity in the mallee-heath vegetation, and may well be reflecting imports from 
agricultural land and mallee dunefields to the north of the Big Desert. The variability of 
catches for Gyrostemonaceae pollen is probably an artefact of the very small numbers of 
pollen from this taxon actually recovered from the traps. 
A number of taxa found around the pollen traps were not detected in the pollen trap 
catches. These taxa include Hibbertia , Astroloma , Leucopogon and Eriostemon. 
Callitris - Allocasuarina woodland 
Only one trap was placed in woodlands dominated by Callitris preissii and Allocasuarina 
luehmannii. The trap site is in the Sunset Country between Cowangie and Rocket Lake, 
about 2 km north of Birthday Tank (Grid 535384, Sunset 1:100,000 sheet). Annual rainfall 
at the site is probably about 294 mm. 
The trap site is on an undulating sandy plain marginal to a complex of inactive boinkas 
which lie to the north, west and southwest. The site has been part of a grazing lease and 
the vegetation shows considerable ill effects from grazing by rabbits and cattle, as well as 
from enthusiastic felling of Callitris to obtain construction timber. 
Dominant trees are Callitris preissii and Allocasuarina luehmannii , which grow to 
between 9 and 10 metres and form reasonably dense thickets on the top of low (3-4 m) sand 
ridges (Plate 5.3). Between the ridges, hard clay rich soils are primarily occupied by a 
sparse grass cover. The understorey in the woodland is sparse, and especially so in areas 
smothered by Allocasuarina needles. Boinka areas support a grass and herb flora, with 
widely spaced Eucalyptus which grow in a big Mallee form. The closest boinka to the 
Birthday Tank trap is about 1000 m to the north. A patch of small mallee grows on a loose 
sandy dune crest about 200 metres north of the trap site. The dominant eucalypt species in 
this patch are E. dumosa , and E. foecunda . Dodonaea sp, Rhagodia gaudichaudiana , 
Clematis microcephala and Enchylaena tomentosa also occur in the mallee clumps. 
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Several problems were encountered in running the Birthday Tank pollen trap. Recurrent 
vandalism of the trap (Tauber Traps make excellent, if not particularly challenging, 
targets) restricted the record to 12 months, between November 1980 and November 1981. 
The species list from this site is also a bit abbreviated as almost all the herbaceous taxa 
were dried and shrivelled beyond identification. 
Poaceae and Asteraceae dominate the understorey. The grass specimens were in a 
particularly sordid condition but contained Danthonia and Stipa species. Asteraceae 
specimens included Vittadinia triloba, Brachyscome linearifolia,Myriocephalus stuartii, 
Actinobole uliginosum and the introduced weeds Hypochaeris radicata and Onopordum 
acaulon. The weeds occur most prominently on rabbit warrens. Chenopodiaceae are 
represented by Enchylaena tomentosa , Maireana pyramidata and several species of 
Sclerolaena . Ptilotus sp, Goodenia pinnatifida and Calandinia sp occur occasionally in 
the quadrats, but not in the pollen trap catches (Table 5.2). Daucus glochidiatus is a 
common plant around the trap, but again is not represented in trap catches. 
Mesembryanthemum crystallinum , an introduced species, is the only Aizoaceae recorded 
from the site, and occurs in patches along the road side. It is not detected in the pollen 
catches. 
Pollen catches from the Birthday Tank trap reflect the comparatively simple 
vegetation.Only 14 taxa can be distinguished. Callitris pollen swamps all other types, 
accounting for about 85 percent of the total. The next most abundant taxa are Eucalyptus 
and Casuarinaceae (3.9 percent and 3.7 percent respectively), followed by Asteraceae, 
Chenopodiaceae and Poaceae, each of which contributes about 1 percent to the overall 
assemblage. 
Taxa not found in the surrounding vegetation but contributing pollen to the trap include 
Eucalyptus , Gyrostemonaceae, Haloragis , Iridaceae, Muehlenbeckia and fems. 
Eucalyptus and Dodonaea grow in the nearby mallee, Gyrostemonaceae pollen, from 
either Codonocarpus cotinifolius or Gyrostemon australasicus , probably comes from 
extensive tracts of burned mallee some kilometres north and south of the trap, where both 
species occur in abundance. Muehlenbeckia pollen could originate in vegetation 
surrounding the nearby Birthday and Monkey Tail tanks. Haloragis may occur in the local 
vegetation during periods of favourable rainfall, but if this is the case, all traces had 
vanished as the herbaceous vegetation dried prior the the survey. The origin of Iridaceae 
pollen is completely obscure. 
Plate 5.3. Pollen trap at Birthday Tank. 
TABLE 5.2 Pollen catches from Pine-Buloke woodland at Birthday Tank 
Percent Accumulation Percent 
TAX ON total native pollen Rate foliage cover 
Callitris 85.45 3214.39 25.00 
Casuarinaceae 3.73 140.66 7.5 
Eucalyptus 3.90 146.54 0 
Chenopodiaceae 1.36 57.4 5.87 
Asteraceae (fubuliflorae) 1.49 56.29 15.74 
Poaceae 1.04 39.16 13.20 
Dodonaea 0.10 3.92 0 
Gyros temanaceae 0.11 4.41 0 
Haloragis 0.10 3.92 0 
Iridaceac 0.15 5.87 0 
Muehlenbeckia 0.10 3.92 0 
Myrtaceac 1.79 67.55 0 
Native Plantago 0.10 3.92 + 
Fern Spores 0.01 0.49 0 
Exotic Taxa 0 .26 9.80 + 
Unidentifiable 0.05 1.96 
Unknown 0.24 9.30 
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Pollen accumulation rates of Callitris far exceed those of any other type. Accumulation 
rates for Casuarinaceae and Eucalyptus are comparable at around 140 grains/cm2/year. 
Chenopodiaceae and Asteraceae accumulation rates are also comparable, at about 50 
grains/cm2/hr. Poaceae values are substantially lower (39 grains/cm2/hr). Rates for all 
other taxa are less than 10 grains/ cm2/year. 
Mallee 
Two traps were placed in Mallee vegetation in the Sunset Country. The Sunset Track trap 
was positioned near the crest of a high red dune approximately 14 km south of Rocket 
Lake (Grid Ref 620600, Sunset 1:100,000 sheet, Plate 5.4) Rainfall is probably about 270 
mm/year. 
The vegetation is dominated by mallee forms of Eucalyptus , the most common being E. 
foecunda , but E. gracilis , E. socialis I oleosa, E. incrassata and possibly E. behriana are 
also present. A wide range of shrubs lurk below the mallees. Rhagodia gaudichaudiana is 
most consistent. The others are rarer and include Dodonaea bursariifolia , Maireana 
erioclada , Enchylaena tomentosa and Beyeria sp. Two Melaleuca uncinata plants occur 
just outside the survey radius. Smaller taxa found around the trap include Calotis 
erinacea, Rhagodia nutans , Pimelea trichostachya and Daucus glochidiatus . Stipa cf 
variabilis and fragmentary clots of senescent Triodia irritans provide the only grass 
representation in vegetation surrounding this trap. 
The second rnallee trap site is on Glencoe Station about 10 km west of Hattah. The trap 
site is on the crest of a high dune in a slowly recovering cleared line associated with an 
old fence (Grid Ref 035502, Nowingi 1:100,000 sheet). Rainfall at Hattah averages 314 mm 
per annum. 
Vegetation in the cleared line is dominated by Asteraceae, particularly Myriocephalus 
stuartii , Calotis erinacea and Waitzia acuminata . Other species growing near the trap 
include Cynoglossum ausfTale , Loudonia behrii and a low unidentified shrub. Outside the 
confines of the cleared line, Asteraceae become rare under the eucalypts. Eucalyptus 
foecunda is the most abundant species, with occasional E. incrassata near the dune crest, 
and E. socialis closer to the interdune areas. Other species of mallee near the trap include 
E. viridis and E. froggattii . Beneath the mallees grow occasional Zygophyllum 
auriantacum , Sclerolaena parviflora , Scleranthus minutus and Pimelea trichostachya . 
Callitris verrucosa forms a conspicuous part of the vegetation, but a relatively small 
percentage cover in the area surveyed (Table 5.3). Other species recorded from the site 
include Podolepis capillaris , Brachyscoma lineariloba, Plantago sp , Podotheca 
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augustifolia, Ptilotus sp, Myoporum platycarpum , Silene sp and Danthonia sp. 
Leptospermum laevigatum , Halgania cyanea , Dodonaea bursarifolia and D. 
angustissima grow in mallee east of the trap. To the southwest, about 1500 metres distant 
lies an outlier of the Raak Boinka. The main boinka complex lies about 1500 metres to the 
north, and supports a flora rich in Poaceae, Chenopodiaceae, and Allocasuarina 
Iuehmannii (Plate 5.5). Callitris preissii is also common on the boinka. 
Pollen catches form the Sunset and Glencoe traps are summarised in Table 5.3. Eucalyptus 
pollen (67 percent and 65 percent in the Sunset and Glencoe traps respectively) dominates 
pollen assemblages, with Callitris the next most abundant type at 10 percent and 20 
percent. Contributions from Casuarinaceae are slight ( at 3 and 0.9 percent) , whilst 
Chenopodiaceae (4 percent and 1 percent), Asteraceae (3.7 percent and 5.5 percent) and 
Poaceae (5.8 percent and 5 percent) are the only other types which exceed 1 percent of the 
catch. 
Pollen accumulation rates vary widely. The total catch from Glencoe is more than double 
that from Sunset, a difference reflected in rates for Eucalyptus , Poaceae and Asteraceae 
among the more abundant types. In the case of Callitris the difference is even more 
marked, at 5 times the Sunset catch rate. As is the case in the Big Desert traps, the 
differences do not simply reflect the abundance of individual taxa in the surrounding 
vegetation, as can be seen from Eucalyptus, Asteraceae and Poaceae catches. Accumulation 
rates for minor taxa, many of which (like Gyrostemonaceae) were not detected in the 
vegetation survey, are often more alike than are the major types. 
Chenopod shrubland 
A further two traps were established in Chenopod shrublands adjacent to the Murray 
River in far northwestern Victoria. The main trap was placed about 14 km east of Ned's 
Comer homestead (annual rainfall 268 mm, Grid Ref 420125, Lindsay 1: 100,000 sheet). 
The site is on grey clays above the modem Murray River floodplain, approximately 2.5 km 
from the River Red Gum and Black Box forests which line the river banks, and 3 km south 
of cleared mallee dunes. 
Although the trap site is given over to grazing by sheep, the vegetation appears to be 
reasonably intact, apart from trampling and local over grazing around water points. 
Atriplex vesicaria dominates the vegetation (Plate 5.6), and provides shelter for various 
herbs and the succulent Disphyma australe . Sclerolaena species (S. divaricata , S. 
brachyptera ) are comparatively rare, except in the vicinity of scalds or other disturbed 
areas. Low areas support stands of Halosarcia sp and Pachycornia tenuis . A variety of 
Plate 5.4. Mallee near the Sunset pollen trap site. 
Plate 5.5. Raak Plain near the Glencoe pollen trap site. 
Plate 5.6. Salt bush at Ned's Corner. Dominant shrub isAtriplex vesicaria. 
Plate 5.7. The pollen trap at Keera. Shrub is Maireana pyramidata. 
TABLE 5.3 Pollen catches from Mallee pollen traps 
SUNSET GLENCOE 
TAXON Percent Accumu- Percent Percent Accurnu- Percent 
total native la ti on foliage total native lation foliage 
pollen cover pollen cover 
Callitris 10.23 158.1 0 20.22 859.76 5.14 
Casuarinaceac 3.37 52.13 0 0.94 40.13 0 
Eucalyptus 67.54 1043.22 41.16 65 .66 2791.48 23.66 
Chenopodiaceae 4.23 65.34 8.50 1.36 58.24 + 
Asteraceae (fubuliflorae) 3.70 57.27 2.70 5.50 234.16 18.06 
Poaceae 5.86 90.06 6.50 5.06 215.56 1.93 
DodoTlllea 1.79 27.66 1.05 0.14 6.12 0.02 
Acacia 0.18 2.93 0 0.08 3.43 + 
Amperea 0.06 0.98 0 0 0 0 
Bert ya 0.12 1.96 0 0.01 0.49 0 
Asperula 0.01 0.49 0 0 0 0 
Baeckea behrii 0 0 0 0.01 0.49 0 
Cassia 0 0 0 0.04 1.96 0 
Leguminosae 0.12 1.96 0 0.03 1.4 7 0 
Clemaitis 0.12 1.96 + 0 0 + 
Coprosma 0 0 0 0.03 1.47 0 
Cyperaceae 0.07 1.22 0 0.12 5.38 0 
Disphyma 0.06 0.98 0 0.01 0.49 0 
Gyrostemonaceae 0.15 2.45 0 0.08 3.67 0 
Jlaloragis 0.14 2 .20 0 0 0 0 
Hydrocotyle 0 0 0 0.01 0.49 0 
Leptospermum 0.12 1.97 0 0.02 0.98 0 
Melaleuca 0.07 1.22 0 0.04 1.96 0 
Liliaceae 0.38 6.00 0 0 0 0 
Loudonia 0.12 2 .00 0 0 0 1.33 
Myoporaceae 0.06 0 .98 0 0.02 0.98 0.10 
NicotiaTlll 0.12 2.00 0 0 0 0 
Phyllanthus 0.06 0.98 0 0 0 0 
Plantago 0.40 6.36 + 0.16 7.34 + 
Pomaderris 0.94 0 0 0 0 
Spyridium 01.4 2.20 0 0 0 0 
Sida 0.06 1.0 0 0 0 0 
Typha 0 0 0 0.02 1.00 0 
Aquatics 0.03 0.50 0 0.15 6.50 0 
Wahlenbergia 0 0 0 0.02 1.00 + 
Exotics 1.01 15.76 0.62 26.44 + 
Fem Spores 0.01 0.24 0 0 0 0 
Unidentifiable 0.14 2.20 0.06 2.69 
Unknown 0.07 1.22 0.07 3.18 
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ta:xa occur between clumps of Atriplex, including an abundance of Plantago cf drummondii, 
fewer Wahlenbergia quadrafida , Brachyscome lineariloba, Helichrysum baxteri , 
Vittadinia sp , Angianthus brachypappus and the introduced weed Sonchus sp. Poaceae 
formed about 13 percent of the cover at the time of survey, including the native Agrostis 
avenacea and introduced Vulpia species. Frankenia pauciflora occurs occasionally. 
The second trap in Chenopod shrubland was placed in severely degraded vegetation 8 km 
east of Keera Station (Grid Ref 630157, Wentworth 1:100,000 sheet). The trap site is on the 
slope of a reddish sandy ridge and is in a large scald (Plate 5.7). Riverine forests occur 
about 2 km north of the trap site. Rainfall at the site is in the vicinity of 290 mm per 
annwn. 
Vegetation at the Keera site reflects severe grazing pressure from rabbits and sheep. The 
most obvious shrub is the relatively unpalatable Maireana pyramidata , but occasional 
specimens of M. sedifolia and M. apressa also occur. Pachycornia triandra grows in a 
drainage ditch along the roadside, and there are sparse occurrences of Wahlenbergia sp on 
the slope. Grasses formed most of the ground cover at the time of survey, but were dried 
trampled and grazed to a taxonomic frazzle. Stipa variabilis is present, as are Vulpia sp 
and Bromus rubens . With the exception of Hypochaeris glabra , names could not be 
assigned to Asteraceae found on the site. 
Pollen catches from these traps clearly reflect the different vegetation at the sites (Table 
5.4). At Ned's Corner, Chenopodiaceae pollen make up 84 percent of the catch, with 
subsidiary contributions from Asteraceae (5.5 percent) Poaceae (3 percent), Eucalyptus (2.4 
percent) and Disphyma (1.2 percent). Exotic taxa amount to 1.4 percent of the catch, 
whilst all other types contribute less than 1 percent. 
At Keera, catches are again dominated by Chenopodiaceae pollen, but at a reduced level 
of 29 percent, marginally ahead of Asteraceae at 21 percent. Disphyma pollen reaches 11 
percent, despite the rarity of this plant in the vegetation. Eucalyptus (7.9 percent), 
Casuarinaceae (4.9 percent), Dodonaea (1.6 percent) and Plantago (1.5 percent) are the 
other taxa with representation greater than 1 percent. Exotic taxa form a relatively high 
6.2 percent of the total catch from Keera, substantially higher than in any of the other 
traps described to date. 
Pollen accumulation rates at Ned's Comer are heavily influenced by Chenopodiaceae, 
which exceed 3500 grains/cm2/year, compared with a rate of 178 grains/cm2/year at 
Keera. Similar rates of accumulation in each trap are seen for Callitris (20.5 
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grains/cm2/year, 22.6 grains/cm2/year), a pollen type originating at least 2 km from the 
traps and Plantago (10.7 grains/cm2/year, 9.7 grains/cm2/year) a type with more local 
origins. Casuarinaceae pollen accumulation in the Ned's Corner trap is half the rate of 
that in Keera (15.3 grains/cm2/year as opposed to 30.5 grains/cm2/year) despite the 
relative proximity of a stand of Allocasuarina luehmannii . This may be partly explained 
by the sex structure (predominantly female) of the stand, and the decrepit condition of the 
trees. The role is reversed for Eucalyptus , where the rates at Ned's Corners are double 
those at Keera (102 grains/cm2/year opposed to 48.4 grains/cm2/year). Asteraceae 
accumulation rates at Ned's Corner are also double those at Keera (232 grain/ cm2/year 
versus 133 grains/cm2/year). Results for the Poaceae are interesting - despite a grass cover 
in excess of 50 percent, the accumulation rate of Poaceae pollen at Keera is less than half 
that of Ned's Corner (134.4 grains/cm2/year compared to 49.4 grains/cm2/year), where 
grass cover is only about 13 percent. Accumulation rates of exotic pollen are also twice as 
high in the Ned's Comer trap as at Keera. 
The majority of taxa occurring in trap catches are not seen in the vegetation surveys, nor 
indeed in more general inspections of the surrounding vegetation. 
Riverine forests 
The final set of traps sampling pollen exported from specific vegetation types was placed 
in riverine forest associated with the Murray River and it's flood plain. The Kulnine 
pollen trap was established on Cowra Station, some 5 km southeast of Wentworth (Grid 
Ref 853230, Wentworth 1:100,000 sheet). The trap site is on grey clays 200 m from the river 
bank and 4 to 5 metres above the usual river level. 
Dominance of the vegetation is shared between Eucalyptus and several species of 
Chenopodiaceae. Close to the river bank Eucalyptus camaldulensis forms a fringe of very 
large trees, interspersed with Muehlenbeckia cunninghamii, Chenopodium nitrariaceum , 
Ajuga australis and Acacia stenophylla . In the river, a few Potamogeton sp, Polygonum 
decipiens and Typha augustifolia plants grow along the waterline below the red gums, 
but steep banks and deep water limit the potential habitat for aquatic plants. On higher 
areas away from the river, Eucalyptus camaldulensis is replaced by E. largiflorens , and 
Atriplex nummularia becomes the dominant shrub, though Chenopodium nitrariaceum 
and Muehlenbeckia cunninghamii still occur in places ( Plate 5.8 ). Low ground cover in 
both the E. camaldulensis and E. largiflorens dominated tracks is minimal. Mistletoes 
(Amyema maidenii and A. miquelii ) infest many of the Black Box trees. Rainfall at 
Kulnine is in the vicinity of 279 mm per annum. 
Plate 5.8. The Kulnine pollen trap. Shrubs are A triplex nummularia and 
Mueh!enbeckia cunninghamii. Eucalyptus largiflorens with 
Amyema mi9ue/ii in background. 
TABLE 5.4 Pollen catches from Chenopod shrublands 
. 
NED'S CORNER KEERA 
TAXON Percen- Accwnu- Percent Percen- Accumu- Percent 
tage lat ion foliage tage lation foliage 
rate cover rate cover 
Callitris 0.48 20.56 0 3.70 22.67 0 
Casuarinaceac 0.36 15.34 0 4.98 30.51 0 
Eucalyptus 2.42 102.13 0 7 .92 48.45 0 
Chenopodiaceae 84.78 3571.80 38.44 29.28 178.98 15.77 
Astcraccac (Tubuliflorae) 5.52 232.66 9 .58 21.76 133.13 3.62 
Poaccae 3 .19 134.44 13.25 8.09 49.44 50.28 
Dodonaea 0.06 2.94 0 1.65 10.11 0 
Acacia 0.007 0.32 0 0.42 2.61 0 
Baeck£a 0.06 2.94 0 0.07 0.48 0 
Leptospermum 0.03 1.63 0 0 0 0 
Melaleuca 0 0 0 0.05 0.32 0 
Bertya 0 .01 0.65 0 0 0 0 
Beyeria 0 .12 5.20 0 0.50 3.10 0 
Euphorbiaceae 0 0 0 0.69 4.24 0 
Cryptarulra 0 0 0 0.10 0.65 0 
Pomaderris 0 0 0 0.05 0.32 0 
Clemaitis 0 0 0 0.10 0.66 0 
Cypcraceae 0.21 9.14 0 0.21 1.30 0 
Disphyma 1.28 54.16 20.87 11.25 68.85 0 
Gyrostemonaceae 0 .17 7 .18 0 0.07 0.48 0 
Goodeniaceae 0 .05 2.13 0 0.13 0.81 + 
Haloragis 0.01 0.65 0 0.39 2.44 0 
Leguminosae 0.11 4.90 0 5 .03 23 .0 0 
Liliaceae 0 0 + 0 .10 0.66 0 
Loudonia 0 0 0 0.10 0.66 0 
Malvaceae 0 0 0 0.10 0.66 0 
Muehlenbeckia 0 0 0 0.02 0 .16 0 
Myoporaceae 0.21 9.14 0 0 0 0 
native Plantago 0.25 10.77 3.02 1.59 9.79 0 
Portulaccaceae 0.11 4.89 0 0 0 0 
Restionaceae/ 
Centrolepidaccae 0 0 0 0 .05 0 .32 0 
Rutaccae 0 0 0 0.21 1.30 0 
Trachymene 0 0 0 0.65 0.10 0 
Typha 0.06 2.66 0 0.10 0 .66 0 
Aquatics 0.03 1.33 0 0.32 2.00 0 
Wahlenbergia 0 0 + 0.10 0.66 + 
Exotic taxa 1.44 60.70 6.26 38.34 
Unidentifiable 0.30 13.05 1.06 6.53 
Unknown 0.10 4.24 0 .05 0.32 
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The second trap was established in a similar geomorphic setting near Britt Bend in the 
Kulkyne National Park, east of Hattah Lakes (Grid Ref 337707, Nowingi 1:100,000 sheet). 
The vegetation is dominated by a mixed stand of Eucalyptus largiflorens and E. 
camaldulensis , with a comparatively sparse shrub stratum in the vicinity of the trap 
(Plate 5.9). Nearer the river, E. camaldulensis increases in importance, and Chenopodium 
nitrariaceum forms dense thickets. Muehlenbeckia cunninghamii also becomes more 
common, as does Acacia stenophylla. Ajuga australis is common under the more mature 
Red Gum forests. Eremophila bignoniiflora is a rare component of the River Red Gum 
tract. 
The area around the trap has been logged at some time past, but now supports an even aged 
stand of Eucalyptus largiflorens and E. camaldulensis . The shrub flora is sparse, 
dominated by Chenopodium nitrariaceum , and including occasional Muehlenbeckia 
cunninghamii , Enchylaena tomentosa and Sclerolaena divaricata . 
The herbaceous flora is also sparse, but includes quite a variety of taxa, such as Sida sp, 
Poranthera sp, Calocephalus stuartii , Rhagodia nutans, Wahlenbergia sp, Goodenia 
pinnatifida, G. glauca and Solanum esuriale. The occasional specimens of Agrostis 
avenacea are usually grazed to within an inch of their lives by rabbits, sheep and 
kangaroos. Marsilea drummondii grows in low points of the landscape. It particularly 
favours wheel ruts. 
Two kilometres west of the trap site, red dunes of the Woorinen Formation support a 
severely degraded flora featuring an abundance of Dodonaea angustifolia , Myriocephalus 
stuartii , Brassica tournfortii and the occasional Callitris preissii . Rainfall at Hattah, 
the nearest recording station, averages 314 mm per year. 
Pollen catches form both traps (Table 5.5) feature a strong representation by Eucalyptus 
pollen, but again percentages found in each of the traps are widely disparate (69 percent 
for Kulnine and 31 percent at Kulkyne). Poaceae are next most common in Kulkyne (22 
percent) but at 1.6 percent in Kulnine the grasses are poorly represented in the Kulnine 
trap. Chenopodiaceae are a significant part of catches from both traps - 14 percent and 16 
percent respectively. 
Asteraceae are about even in percentage occurrence, but the influence of nearby Callitris 
stands can be seen in the 12 percent of Callitris pollen in the Kulkyne trap. Dodonaea and 
Casuarinaceae values are also slightly inflated by the dune flora lurking to the west of 
the trap. Muehlenbeckia pollen reaches 3 percent in the Kulnine catch where, 
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Muehlenbeckia cuninghamii is an obvious element of the vegetation but is more subdued 
at 0.18 percent in the Kulkyne trap. 
Pollen accumulation rates for both Eucalyptus and Chenopodiaceae are high. Cover 
abundance values for the Eucalyptus are similar, but Chenopodiaceae are more abundant 
at Kulnine than Kulkyne. This relative abundance is reflected in the accumulation rates 
for Chenopodiaceae pollen, which are roughly 4 times greater at Kulnine than at 
Kulkyne. The abundance of Chenopodiaceae in areas outside the 100 m radius sampled in 
the vegetation raises the question of how widely Chenopodiaceae pollen disperse - a 
question to be explored later. Accumulation rates for Poaceae are highest at Kulkyne, 
possibly as a result of accession from the dunes. The higher percentage for Dodonaea 
pollen in the Kulkyne trap is not paralleled in accumulation rates, as rates for both traps 
are similar (15.4 as compared to 18.3). 
Percentage figures for Dodonaea in the Kulnine trap are probably depressed by high rates 
of deposition for Eucalyptus and Chenopodiaceae pollen. Similar conclusions can be drawn 
for both Casuarinaceae and Callitris . Inputs of Disphyma pollen are comparatively high 
at Kulnine, in sympathy with an unusual cover abundance around that trap. 
5.2.4 Pollen spectra in relation to vegetation type 
Trap catches summarised in Tables 5.1 to 5.5 can be usefully divided into three loosely knit 
groups. Group 1 comprises those pollen types with a distribution closely linked to the 
distribution of the parent vegetation. These pollen types make the best floristic markers, 
labelling the source vegetation with a reasonable degree of certainty. Pollen types forming 
group 2 are less constrained in their distribution, occurring in appreciable amounts in all 
pollen traps regardless of the composition of vegetation immediately adjacent to the trap. 
Group 3 taxa, which form by far the largest grouping, are found either as isolated single 
occurrences, or in numbers so small as to be statistically insignificant. These taxa will not 
be considered here. 
Group1 taxa 
Heathland pollen traps from the Big Desert (Main Road, Bee Track) contain the best 
selection of Group 1 pollen types. Pollen of Baeckea comp., Baeckea behrii comp., 
Calytrix tetragona , undifferentiated Myrtaceae, Cryptandra and a type closely 
resembling Leptospermum (including L. laevigatum ) are good examples, though the 
accumulation rate and percentages for each is comparatively low. Occurrences of the rarer 
pollen from Banksia and Hakea muellerana , are also good indicators of the heathland 
flora. 
Plate 5.9. Eucalyptus.camaldulens;s forest at the Kulkyne trap site. 
Plate 5.10. Trap site 7 at Lake Tyrrell. Note metal roof on trap at right. 
TABLE 5.5 Pollen catches from riverine forests 
KULNINE KULKYNE 
TAXON Percen- Accumu- Percenl Percen- Accumu- Percent 
Lage la ti on foliage tage la lion foliage 
rate cover rate cover 
Callitris 1.91 112.82 0 12.28 147 .09 0 
Casuarinaceae 0.89 52.62 0 3.35 40.13 0 
Eucalyptus 69.43 4090.1 22.0 31.69 379.58 30.87 
Chenopodiaceae 14.31 843.12 27.22 16.10 192.86 0.41 
Asteraceae (Tubuliflorae) 5.27 310.57 0 6.72 80.52 0.52 
Poaceae 1.68 99.12 0 22.04 264.07 0.87 
Dodonaea 0.26 15.42 0 1.53 18.36 0 
Acacia 0.31 18.60 0 0.10 1.22 0 
Adriana 0.02 1.46 0 0.08 0.98 0 
Beyeria 0 0 0 0.02 0.24 0 
Phyllanthus 0.01 0.98 0 0 0 0 
Euphorbiaceae 0.04 2.45 0 0 0 0 
Amyema 0.28 17.00 3.64 0 0 0 
Banksia 0.01 0.98 0 0 0 0 
Proteaccac 0.004 0.24 0 0 0 0 
Caryophyllaceae 0 0 0 0.25 3.00 + 
Cassia 0.04 2.45 0 0.18 2.20 0 
Crotalaria 0 0 0 0.02 0.24 0 
Leguminosae 0.03 1.96 0 0 0 0 
Clemaitis 0 0 0 0.5 6.00 0 
Cyperaceae 0.06 3.92 0 0.12 1.47 0.31 
Disphyma 0.35 21.04 5.20 0.04 0.49 0 
Goodeniaceae 0.02 1.46 0 0.08 0.98 0.39 
Gyroslemonaceae 0.03 2.94 0 0.67 8.08 0 
flaloragis 0.03 1.96 0 0 0 0 
Leptospermum 0.12 7.34 0 0.89 10.76 0 
Melaleuca uncinatal 
glomerata 0 0 0 0.16 1.96 0 
Liliaceae 0 0 0 0.08 1.00 0 
Muehlenbeckia 3.36 198.24 2 .00 0.18 2.20 0.52 
Myoporaceae 0.52 30.83 0 0.08 0.98 0 
Opercularia 0 0 0 0.08 0.98 0 
Pittosporum 0.01 0.98 0 0 0 0 
native Plantago 0.22 13.70 + 1.50 18 .10 + 
Restionaceae/ 
Centrolepidaceae 0 0 0 0.26 3 .18 0 
Solanaceae 0.01 1.00 0 0 0 1.02 
Typha 0.09 5 .50 0 0.08 1.00 0 
Aquatics 0.11 7.00 0 0.8 10.00 0 
Fem Spores 0.008 0.49 0 0.02 0.24 0.10 
Exotic taxa 5.38 316.97 3.45 14.37 
Unidentifiable 0.16 9.79 0.45 5.39 
Unknown 0.16 9.54 0 .34 4.16 
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Trap catches from the Ned's Corner and Kulnine sites show relatively high pollen 
accumulation rates for Disphyma , though percentages at Ned's Comer are depressed by 
massive inputs of Chenopodiaceae pollen. Ned's Comer, in a slightly more saline setting, 
also contains the occasional grain from Selenothamnus and Portulaccaceae. 
The traps in riverine forests at Kulnine and Kulkyne also contain some distinctive pollen 
types. Chief among these is M uehlenbeckia , a shrub typical of the flood plains 
environment. The Kulkyne trap is less well endowed with Muehlenbeckia pollen than is 
Kulnine, although cover in the vicinity of the traps is very similar. Amyema pollen is 
also more common at Kulnine than at Kulkyne, although again, mistletoes are very 
common in the trees around each trap. Aquatic pollen in these two traps is a bit higher 
than is usual for other sites, courtesy of the nearby river and associated weed beds. 
By contrast with even these modest floristic distinctions, traps in the mallee and Callitris 
- Allocasuarina communities lack any clear marker taxa at all and a consideration of 
patterns in the ubiquitous pollen types of Group Bis necessary. 
Group 2 taxa 
A surprisingly small number of pollen types occur consistently enough to warrant inclusion 
in Group J· The taxa which are most obvious from Tables 5.1 to 5.5 are Acacia, Callitris, 
Casuarinaceae , Eucalyptus, Dodonaea , Poaceae , Asteraceae , Chenopodiaceae , 
Gyrostemonaceae, Disphyma, Haloragis, and Leptospermum. Cyperaceae and Plantago 
are marginal candidates but occur in such small numbers that they can be relegated to local 
importance at best. A closer inspection of the occurrences of Acacia , Leptospermum , 
Disphyma and Haloragis pollen (Table 5.6) suggests that these types only occur 
sporadically in trap catches, often as only one or two per collection, and can be discounted 
as ubiquitous forms, indeed both Disphyma and Leptospermum do better service as 
markers, as described above. 
Among the remaining types, Dodonaea and the Gyrostemonaceae are conspicuously absent 
from the vegetation surveys and with a steady, if low representation in the pollen trap 
catches can be safely considered to be 'regional' pollen types . The others show varying 
degrees of association between the percentages of vegetation cover and the catches 
obtained from nearby traps. Percentages and accumulation rates for ubiquitous pollen types 
are shown in Fig. 5.3 and Fig. 5.4, with a summary diagram (Fig. 5.5 and Fig. 5.6) showing 
mean values for traps established in each of the vegetation types. 
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Maximum percentage occurrence and the highest accumulation rate of Callitris pollen is 
found in the Birthday Tank trap where this taxa forms over 85 percent of the catch (3214 
grains/cm2/year) during the 12 months between November 1979 and November 1980. Some 
caution attaches to this figure, as catch rates vary considerably between years in other 
traps (eg 119 grains/cm2/year in Nov 1979 - May 1980, against 959 grains/cm2/year in 
November 1980 - May 1981 for the Main Road Trap), but it probably provides a reasonable 
approximation of the difference between Callitris woodland and the heathland traps 
which have the next highest percentage representation (about 27 percent). Mean pollen 
accumulation rates for Callitris in the heathland and mallee traps are very similar, at 
about 450 grains/cm2/year and 500 grains/cm2/year respectively. Values for the mallee 
traps are slightly inflated by the moderately high catch rate in the Glencoe trap (Fig 5.4) 
where Callitris forms a noticeable part of the local flora, but the occurrence of scattered 
Callitris in the vicinity of the Sunset trap suggests that this local variation is not a 
significant distortion, and the mean of catches obtained are likely to be representative of 
mallee stands in northern Victoria. Catch values from vegetation in which Callitris do 
not normally occur are low. In the Chenopod shrublands, Callitris accumulation rates of 21 
grains/cm2/year translate to an average of about 2 percent. The riverine forest traps also 
have a low catch rate - percentages from Kulnine are comparable with those from Ned's 
Corner, with only a marginally higher accumulation rate (Kulnine: 2.15 percent, 56.4 
grains I cm2/year ,Ned's Corner: 1.41 percent,10.28 grains/cm2/year). Percentage values 
in the Kulkyne trap are slightly elevated by the comparatively low Eucalyptus catch 
rate and by presence of Callitris on the neighbouring mallee dunes. Despite this, the 
percentages are reasonably consistent with other traps, and pollen accumulation rates are 
not noticeably affected. The values from traps where Callitris is not part of the local 
vegetation provide a basis for estimating the background levels of Callitris pollen which 
can be expected from sites in northern Victoria. Background accumulation rates amount to 
about 70 grains/ crn2/year, or about 5 percent of the total. 
Casuarinaceae pollen form a comparatively small component of overall pollen catches 
from all vegetation types. Maximum percentage representation is found in the heathland 
traps, which boast a mean of about 8 percent, and a maximum of 10 percent in the Bee Track 
trap. Pollen accumulation rates in the heath traps are virtually identical with those from 
the Birthday Tank trap (142 grains/cm2/year and 140 grains/cm2/year respectively. In 
both instances Allocasuarina is a significant part of the local vegetation, and catch rates 
seem low in comparison with an apparent background level of 45-50 grains/cm2/year, or 
about 3 percent of the total pollen population sampled by other traps. 
TABLE 5.6 Pollen trap catches for potential indicator taxa in each collection period. Note sporadic occurrences of Acacia, Leptospermum, 
Disphyma and Haloragis 
Date of Collection Trap Site Acacia Disphyma Haloragis Leptospermum Cyperaceae Plan.Jago 
Percen- Accumul. Percen- Accumul. Percen- Accumul. Percen- ~ccumul. Percen- Accumul. Percen- Accumul. 
tag es Rate tag es Rate tag es Rate tag es Rate tag es Rate tag es Rate 
Nov 79-May 80 Main Road 0 0 0 0 0 0 0.99 2.45 0 0 0 0 
May 80-Nov 80 0.25 0.49 0 0 0.5 0.98 4.5 8.8 0.8 0.98 2.0 1.96 
Nov 80-May 81 0 0 0 0 0.25 1.96 3.55 27.41 0.64 4.89 0 0 
May 81-Nov 81 0 0 0.13 1.96 0 0 6.63 97.80 0.53 7.83 0.27 3.92 
Nov 79-May 80 Bee Track 0.11 0.49 0 0 0 0 0 0 0 0 0 0 
May 80-Nov 80 0 0 0 0 0.42 3.92 38.41 360.25 0 .21 1.96 0.84 3.92 
Nov 80-May 81 0 0 0 0 0 0 6.11 160.54 0.82 19.58 0 0 
May 81-Nov 81 0.43 1.47 0 0 0.14 0.49 2.31 7.84 0.58 1.96 0.86 3.43 
Nov 79-May 80 Birthday Tank 0 0 0 0 0 0 0 0 0 0 0 0 
May 80-Nov 80 0 0 0 0 0.12 3.92 0 0 0 0 0 0 
Nov 79-May 80 Sunset 0 0 0 0 0.14 0.49 0 0 0 0 0 0 
May 80-Nov 80 0.82 5.87 0.27 1.96 0.55 3.92 0 0 0.27 1.96 2.20 7.83 
Nov 80-May 81 0 0 0 0 0 0 0.22 3.92 0 0 0 0 
May 81-Nov 81 0 0 0 0 0 0 0 0 0.16 0.49 1.24 2.94 
Nov 79-May 80 Glencoe 0 0 0 0 0 0 0 0 0 0 0 0 
May 80-Nov 80 0 0 0 0 0 0 0.16 1.96 0.48 5.87 1.25 11.75 
Nov 80-May 81 0.6 3.92 0 0 0 0 0 0 0 0 0 0 
May 81-Nov 81 0.29 2.94 0.10 0.98 0 0 0 0 0.48 4.89 0.49 2.94 
Pollen sum = total native pollen 
TABLES.6 
(Cont.) 
Date of Collection 
Nov 79-May 80 
May 80-Nov 80 
Nov 80-May 81 
Nov 79-May 80 
May 80-Nov 80 
Nov 80-May 81 
Nov 79-May 80 
May 80-Nov 80 
Nov 80-May 81 
May 81-Nov 81 
Nov 79-May 80 
May 80-Nov 80 
Nov 80-May 81 
Pollen trap catches for potential indicator taxa in each collection period. Note sporadic occurrences of Acacia, Leptospermum, 
Disphyma and Haloragis 
Trap Site Acacia Disphyma Ha/oragis Leptospermum Cyperaceae PlanJago 
Percen- Accumul. Percen- Accumul. Percen- Accumul. Percen- Accumul. Percen- Accumul. Percen- Accumul. 
tag es Rate tag es Rate tag es Rate tag es Rate tag es Rate tag es Rate 
Ned's Comer 0.04 0.49 2.03 24.47 0.08 0.98 0 0 0.73 8.81 0 .04 0.49 
0 0 0 .67 31.83 0 0 0 0 0 0 0.33 15.67 
0 0 4.79 25.45 0 0 0.37 0 .98 0.92 2 .94 0 0 
Keera 0 0 0 0 0 0 0 0 0 0 0 0 
0.44 2.94 15.12 101.81 0.44 2.94 0 0 0 0 5.24 21.54 
0.47 0.98 0.71 1.47 0.24 0.47 0.24 0.49 0.94 1.96 0 0 
Kulnine 0 0 0 0 0 0 0 0 0 0 0 0 
0.23 1.96 3.23 24.41 0.23 1.96 0.46 3.92 0 .23 1.96 0.92 7.84 
0 0 0 0 0.15 1.96 0.61 7 .83 0.3 1.96 0.30 1.96 
0.43 35.24 0 .18 14.68 0 0 0.03 2.94 0 0 0.28 17.62 
Kulkyne 0 0 0 0 0 0 0 0 0 .26 0.49 0 0 
0.18 0.49 0.35 0.98 0 0 0.71 1.96 0.89 2.45 3.54 6.85 
0 0 0 0 0 0 1.84 17.61 0 0 0 0 
Pollen sum = total native pollen 
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FIG.5.3. Percentages of major pollen taxa in trap catches from northwestern Victoria (Pollen sum · total native pollen}. 
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FIG .5.5. Average pollen accumulation rates for major tax a in pollen traps placed in specific vegetation communities 
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Catches of Eucalyptus pollen are concentrated in Eucalyptus dominated trap sites in 
mallee and riverine forests. Percentages of Eucalyptus pollen in the Sunset (67 percent), 
Glencoe (65 percent) and Kulnine (69 percent) are remarkably similar. A lower figure for 
Kulkyne (31 percent) is reflected in the low accumulation rate of 379 grains/cm2/year for 
this trap, reducing the mean for riverine forests somewhat and also slightly affecting the 
otherwise striking similarity between percentages of Eucalyptus in mallee and riverine 
forest traps. Pollen accumulation rates vary considerably between the various Eucalyptus 
dominated trap sites, but rates for all except Kulkyne are more than double the rates seen 
in the other traps. Heath pollen traps contain an average of about 15 percent Eucalyptus 
pollen, although the pollen accumulation rates from the heath traps are similar to those 
from chenopod shrubland and Birthday Tank, at an average of around 85 grains/ crn2/year. 
The background percentage appears to be about 5 percent, for the non-eucalypt traps (but 
excluding heath where Eucalyptus is locally common). 
Chenopodiaceae pollen are most abundant in the chenopod shrubland traps, and more 
especially at Ned's Comer, where chenopods reach 84 percent of the catch. The smaller 
representation at Keera is consistent with the degraded state of the surrounding 
vegetation, and substantially reduces the overall mean. Pollen accumulation rates are 
very high at Ned's Corner (3571 grains/cm2/year). Riverine forest traps contain a 
significant Chenopodiaceae component, with catch rates averaging about 517 
grains/cm2/year, made up of 843 grains/cm2/year in the Kulnine trap where Atriplex 
nummularia and Chenopodium nitrariaceum are abundant and a much lower value of 192 
grains/cm2/year at Kulkyne. Atriplex nummularia was seen in fruit during the trapping 
period at Kulnine, and thus presumably also flowered. No fruiting or flowering was 
noticed around the Kulkyne trap. 
Chenopods occur in the vegetation around all trap sites with the exception of those in the 
Big Desert heaths. Pollen accumulation rates from the heath traps are very similar to 
those from the Callitris - Allocasuarina woodland and mallee, at about 50-55 
grains/cm2/year, or again about 3 percent of the total. These figures are probably 
background levels for the area. The particularly low values seen in the mallee and 
Callitris woodland traps suggest that chenopods around these traps did not flower in the 
period pollen traps were in place. 
Pollen of the Asteraceae and Poaceae form a surprisingly small part of the overall pollen 
catch. Maximum percentages for Asteraceae occur in catches from Keera, although the 
accumulation rates for the daisies pollen are not substantially higher than in the other 
traps. Asteraceae pollen average about 4 percent, with higher values in the Keera catches 
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slightly affecting percentages from the chenopod shrubland traps. Accumulation rates 
average around 150 grains/ cm2/year. Catch rates from the heath and Birthday Tank trap 
are comparable, but are generally lower than those from other sites. 
Poaceae pollen reach their strongest representation (average approximately 13 percent) in 
the heath traps where grasses are least common, and are marginally ahead of catches 
from riverine forests, where grasses are also rare. Mallee and chenopod shrnblands have 
similar percentages (6 and 7 percent), whilst in Birthday Tank grass percentages are least. 
Mean accumulation rates of grass pollen are also highest in the heathland pollen traps 
(204 grains/cm2/year), followed again by Riverine Forest (181 grains/cm2/year) and 
mallee at 152 grains/cm2/year. 
On an individual catch basis, grass pollen catches show a similar pattern to those of the 
Asteraceae - highest accumulation rates are found in traps where grasses grow sparsely, 
and are unlikely to expand significantly over the short term. The highest individual 
catch is found in the Kulkyne trap, where grass forms less than 1 percent of the local flora, 
Glencoe has the second most grass infested pollen catch (215 grains/cm2/year), with 1.9 
percent grass cover, and the two heath traps give almost identical catch rates of 206 and 
202 grains/ cm2/year, despite a complete absence of grass in quadrats around the traps, and 
the decrepit state of the few Triodia tussocks remaining in the area. 
Pollen catches from the grass rich sites are generally low in both percentages and pollen 
accumulation rates. Highest figures for grass cover occur at Keera (50 percent), where 
Poaceae pollen make up some 8 percent of the catch, or 49 grains/cm2/year. Ned's Comer, 
and Birthday Tank have similar cover ratios (around 13 percent), which yields 3 percent 
and 1 percent Poaceae (134 grains/ cm2/year, 39 grains/ cm2/year) respectively. Sunset, 
with 6 percent grass cover is the only other trap with a significant local grass flora, 
producing 5 percent of the catch at 90 grains/cm2/year. 
The low percentages and pollen accumulation rates seen in traps featuring a strong grass 
component in the local vegetation suggest that, like the chenopods, grass flowering was 
restricted during the period pollen traps were in operation. A background pollen 
accumulation rate of about 200 grains/cm2/year is suggested by catches from the heath 
pollen traps, where local inputs are minimal, but the percentage value (13 percent) is 
possibly too high, as a result of comparatively low overall catch rates. Background 
percentages might be more usefully estimated from the traps at Sunset and Glencoe, which 
indicate a value of about 6 to 7 percent. 
79 
5. 2. 5 Variability in pollen trap catches 
The averaged and summarised data presented so far conceal a wealth of variation in the 
pollen catches obtained from successive trap collections. While some of the variation 
arises as part of the process of translating a raw pollen catch into an entry in a table of 
statistics, much can also be used to interpret short term controls over the modern pollen 
rain. Variations in the catches of major pollen types over the full period of pollen 
trapping are shown in Table 5.7, a table which also serves to emphasise the attrition of 
pollen traps as the study progressed. Data in Table 5.7 are further broken down in Table 
5.8, where the focus is on changes in pollen accession to traps which have the taxa of 
interest in their local vegetation. Background pollen inputs are excluded where possible, 
Asteraceae and Poaceae, which do not appear to have flowered in the trapping period, 
are included in the tables solely for completeness sake. 
Seasonal variations in pollen trap catches are generally muted. The strongest seasonal 
pollen inputs are made by the Chenopodiaceae, which have consistently highest 
accumulation rates in winter collections from traps with a strong chenopod presence in the 
the local vegetation (Table 5.8). This relationship is only slightly weakened when traps 
lacking a local Chenopod flora are added to the analysis. Flowering periods for 
Chenopodiaceae are consistent with this pattern of catches. Of 124 species listed by 
Cunningham et al (1981), 54 are said to have spring flowering preferences, which would 
show up as winter collections in the sampling regime adopted. 
Catches for other taxa are much more weakly seasonal. Casuarinaceae, which tend to 
flower during the summer months (Cunningham et al 1981) show slightly higher catch 
rates in the winter collections, especially in the heath traps where A. muellerana and A. 
pusilla are common. The stand of A. luehmannii at Birthday Tank apparently did not 
flower in the 12 months this trap was in operation making generalisations risky. In the 
general run of traps, a slight winter dominance remains, but the differences between 
summer and winter catches are hardly striking. 
Eucalyptus pollen catches are rather erratic. High accumulation rates are found during 
the summer of 1980-1981 in the two mallee traps, and in the E. largiflorens I E. 
camaldulensis forest at Kulnine. A winter peak in accumulation occurs at Kulnine during 
1981 which, along with a small catch during the summer of 1979-1980 in the Sunset trap, 
upsets the otherwise rather neat pattern. Catches at Kulkyne are comparatively low 
throughout. The following behaviour of the various species of Eucalyptus is instructive in 
explaining catch patterns. Common mallee eucalypt species around the traps (E. dumosa, 
E. foecunda, E. incrassata) show a preference for summer flowering, with modifications to 
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the general scheme introduced by weather conditions and cyclical variations in the vigour 
of flowering episodes (Boomsma 1972, Goodman 1973). Eucalyptus foecunda and E. dumosa 
, common mallee species around the Sunset and Glencoe traps are both characterised by a 
two yearly flowering cycle (Goodman 1973 ) consistent with catch patterns noted from 
these traps. Eucalyptus incrassata , on the other hand tends to flower heavily every fifth 
year or so, with little pollen or nectar production during intervening years (Boomsma 
1972). The important point to note is that variations in the catch between years can be 
quite spectacular, depending whether stands near the trap were in flowering mode or not. 
This problem is particularly acute in a study such as this one where the time available for 
traps to be left in place was severely restricted. A similar point can be made concerning E. 
camaldulensis in the Riverine Forests. The flowering of River Red Gums is said by 
apiarists to be variable and reliable only every third year or so in northern Victoria 
(Leigh 1972). When flowering occurs, it is generally in late spring to mid summer. Large 
amounts of pollen are produced. Eucalyptus largiflorens is a more reliable flowering 
species, producing moderate amounts of pollen each year in the spring and summer months 
(Goodman 1973, Leigh 1972). A spring flush of flowering in E. camaldulensis might well 
explain the winter peak of Eucalyptus pollen found in the Kulnine trap. 
Catches of Callitris pollen are also erratic, both in seasonal distribution, and in numbers 
collected in successive years. Prime flowering time for Callitris species is again spring and 
early summer (Cunningham et al 1981, Clemson 1985), neatly overlapping the collection 
periods employed, and smudging seasonal resolution. In retrospect, collecting trap catches 
on a three monthly basis would have been a far more sensible way to approach the 
question of seasonal pollen flux, despite the logistic difficulties this would have entailed. 
A longer period of trapping would also have been helpful. 
Examination of the Callitris pollen catches points to another significant phenomenon - a 
considerable variation in accumulation rates from one year to the next. This is also clearly 
seen in the Eucalyptus catches and in the Chenopodiaceae at Kulnine where a full two 
year record is available. Possible causes are legion but several lines of evidence point to a 
link between rainfall and pollen production. Most striking is the response of herbaceous 
taxa to rainfall, a flush of growth well known to graziers and those charged with fire 
suppression (Gill 1981, Macarthur 1972) in semi-arid and arid areas. Less obvious is the 
growth response of trees to above average rainfall. The rings from Callitris growing in 
semi-arid Victoria and South Australia (Ash, pers comm, Green, pers comm, Lange 1965, 
f'e.o-...-vwli. 
pearsgR 1977) record a complex history of growth but with an overall tendency towards 
high rates of growth occurring during periods of above average rainfall. Making the 
conceptual jump from higher rates of vegetative growth to increased pollen output is not 
TABLE 5.7 Variations in pollen catch rates (grains/cm2/yr) over the full trapping period (major taxa) 
Tax on Collection Main Bee B/day Sunset Glencoe Ned·s Keera Kulnine Kulkyne 
period Road Track Tank Comer 
Callitris Nov 79-May 80 119 22 210 13 12 245 0.24 3 2 
May 80-Nov 80 74 42 3003 109 716 7 23 25 87 
Nov 80-May 81 959 331 137 599 20 10 46 97 
May 81-Nov 81 63 197 55 391 197 
Casuarinaceae Nov 79-May 80 9 7 105 5 4 3 1 7 5 
May 80-Nov 80 211 70 35 8 41 15 40 50 17 
Nov 80-May 81 25 46 9 15 3 3 17 27 
May 81 -Nov 81 65 123 8 18 29 
Eucalyptus Nov 79-May 80 108 143 84 297 499 66 32 1924 155 
May 80-Nov 80 92 14 62 258 35 43 6 113 34 
Nov 80-May 81 340 106 1395 4698 44 33 753 407 
May 81 -Nov 81 28 148 134 349 5388 
Chenopodi ace a Nov 79-May 80 15 4 12 6 6 902 30 50 4 
May 80-Nov 80 17 9 39 62 29 4182 177 411 38 
Nov 80-May 81 31 12 41 35 273 61 229 95 
May 81-Nov 81 29 64 20 45 995 
Asteraceae Nov 79-May 80 12 4 9 6 l 6 72 16 15 9 
May 80-Nov 80 23 12 46 84 268 219 155 l 11 30 
Nov 80-May 81 58 14 13 117 56 27 50 25 
May 81 -Nov 81 22 35 10 66 
Po ace a Nov 79-May 80 28 16 0 10 25 42 7 41 8 
May 80-Nov 80 17 12 39 0 56 101 20 25 27 
Nov 80-May 81 293 188 119 234 57 46 92 182 
May 81 -Nov 81 66 199 50 113 49 
TABLE 5.8 Changes in pollen catch rates (grains/ cm2 /yr) for pollen traps with listed taxa in the local vegetation 
Taxon Collection Main Bee B/day Sunset Glencoe Ned's Keera Kulnine Kulkyne 
~..;~ ~,--..i Trnck Tank Comer 
Callitris Nov 79-May 80 119 22 210 12 2 
May 80-Nov 80 74 42 3003 716 87 
Nov 80-May 81 959 331 599 97 
May 81-Nov 81 63 197 391 
Casuarinaceae Nov 79-May 80 9 7 105 
May 80-Nov 80 211 70 356 
Nov 80-May 81 25 46 
May 81-Nov 81 65 123 
Eucalyptus Nov 79-May 80 297 499 1924 155 
May 80-Nov 80 258 35 113 34 
Nov 80-May 81 1395 4698 753 407 
May 81-Nov 81 134 349 5388 
Chenopodiaceae Nov 79-May 80 12 902 30 50 
May 80-Nov 80 37 4182 177 411 
Nov 80-May 81 273 61 229 
May 81-Nov 81 995 
Asteraceae Nov 79-May 80 9 16 72 16 
May 80-Nov 80 46 268 219 155 
Nov 80-May 81 117 56 27 
May 81-Nov 81 66 
Poaceae Nov 79-May 80 0 42 7 
May 80-Nov 80 39 101 20 
Nov 80-May 81 57 46 
May 81-Nov 81 
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straightforward. In the long term (tens of years), high rainfall events are crucial to the 
recruitment of Callitris seedlings to the population (Adams 1984) and thus to the overall 
rates of pollen export for the genus. This effect can be expected have a significant impact 
on pollen spectra recovered from lakes and swamps. In the short term, increased 
vegetative growth leads to an increase in the possible flowering sites which may be 
utilised at some Jag from the actual growth event. This point can be tested here. 
The most tenuous, but perhaps most interesting, indication is provided by the dependence 
on rainfall of honey flows from northern Victoria (Porter 1975). Correlations were found to 
be strongest in the Mallee and North Central districts, where rainfall is low and erratic. 
No correlation could be detected in the humid coastal Central and Western Districts, or in 
Gippsland. Two rainfall elements were found to determine honey yields. The first is 
rainfall occurring in the year the hives were robbed, and is attributed to growth of 
ephemeral plants in the honey catchment (Porter 1975), combined with soil moisture 
conditions which promote nectar secretion (Porter 1975, Clemson 1985, Leigh 1972) and 
thus honey production. Honey yields are also strongly correlated with rainfall in the year 
prior to the season hives were robbed. This lagged response is attributed to the impact of 
rainfall upon bud initiation of Eucalyptus species (Porter 1975), which are by far the most 
important honey producers in arid and semi-arid districts {Leigh 1972). The effects of 
timing and amount of rainfall on Eucalyptus flowering behaviour is emphasised by Leigh 
(1972) who cites the example of E. camaldulensis , which flowers profusely in seasons 
when adequate winter and spring rains are followed by a dry late spring and summer. 
Conversely, years with low and erratic rainfall tend to suppress flowering, and by 
inference pollen output (Leigh1972). 
To identify any rainfall signal in the pollen catches from traps in north western Victoria I 
have adopted a simple minded approach of simply correlating pollen accumulation rates 
for major taxa with rainfall in the seasons of each collection, and at various periods of lag. 
Rainfall at stations nearest the pollen trap sites between November 1979 and November 
1981 are illustrated in Fig. 5.7. Detailed data were not available from Ned's Comer, so for 
the purposes of the analysis I have substituted data from Murray Lock 9, which is about 22 
km east of the Ned's Corner site. Average annual rainfall at Lock 9 is 288 mm, as 
compared with the Ned's Comer figure of 268 mm. 
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Rainfall during the trapping period proved to be depressingly dose to the long term mean 
from each of the selected rainfall stations ( Tables 5.9, 5.10). 
TABLE 5.9 
Rainfall Station 1980 1981 Average in 2 years Longterm 
--------------------------------------------------------------------
Murrayville 259 385 3235 327 
Lock 9 289 307 312 288 
Wentworth 269 303 311 314 
Merri nee 263 288 285 286 
Hattah NR 312 311 314 
Rainfall during 1980 was marginal1y below the longterm mean, while 1981 was 
marginally wetter for most stations. Differences in the annual rainfall figures are 
reflected in the monthly totals plotted in Fig. 5.7, along with the longterm monthly 
means, and the 9th decile for each month. Low rainfall between December 1979 and March 
1980 contributes to the relatively low figure for 1980, with most of the remaining months 
close to the long term monthly mean. The only exception is a major rainfall episode in 
April which comfortably exceeds the 9th Decile level and can be considered a significant 
departure from the rainfall range expected in that month. Higher than average rainfall 
totals in 1981 result largely from a wetter interval between April and September, but 
levels are well within the normal range. 
The correlations in Tables 5.11 and 5.12 attempt to relate pollen percentages and 
accumulation rates to rainfall occurring in the season of trapping, in the 6 months prior to 
the trapping period, and in a full 12 months before the trapping season began. Correlation 
coefficients are generally low, and contrary to expectations built up from previous 
arguments, do little to identify taxa whose pollen spectra are sensitive to fluctuations in 
rainfall. 
Catches of Callitris pollen lack any significant correlations with rainfall in the season 
the pollen were collected, or at any of the lags tested, although catches are generally 
higher in winter collections when rainfall is also generally higher, than in summer. The 
exceptions, where the highest catches occur in the summer collections, as well as the 
unfortunate tendency for maximum catch rates to occur in the comparatively dry winter 
TABLE 5.10 Seasonal rainfall in November 1979 to November 1981 in relation to long term averages of rainfall in summer and winter periods. 
Longterm Means Sununer Winter Summer Winter 
Rainfall Station Nov -May May - Nov Nov 79 - May 80 May 80 - Nov 80 Nov 80 - May 81 May 81 - Nov 81 
Murrayville 133 194 Rainfall recorded 81.6 200.04 65 318.6 
Percentage of mean 61.35 103.24 48.87 164.22 
Meringe 121 165 Rainfall recorded 136.2 152.6 60.8 225 
Percentage of mean 112.56 92.48 50.2 136 
Lock9 126 162 Rainfall recorded 171 145 58.7 244.9 
Percentage of mean 135.71 69.5 46.58 151.17 
Wentworth 128 162 Rainfall recorded 143 133 104 204 
Percentage of mean 111.71 82.09 81.25 125.94 
Hattah 109 205 Rainfall recorded 130.2 119.20 (min) 91.6 253.3 
Percentage of mean 119.44 58.14 (min) 44.68 123.56 
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Fl G .5.7. Rainfall records from selected stations in northwestern Victoria. 
TABLE 5.11 
Callitris 
Casuarina 
Eucalyptus 
Chenopodiaceae 
Asteraceae 
Poaceae 
Pearsons correlation coefficient between pollen accumulation rates for 
major taxa and rainfall (1.J: 11:.) 
Rainfall in season Rainfall in previous Rainfall in previous 
of collection 6 months 12 months 
r = 0.02 r = - 0.25 r = - 0.19 
p = 0.46 p = 0.09 p = 0.15 
*r = 0.37 *r = - 0 .39 r = - 0.06 
p = 0.02 p = 0.02 p = 0.36 
r = - 0.02 r = - 0.12 r = - 0.25 
p = 0.46 p = 0.26 p = 0.09 
r = 0.04 r = - 0 .07 r = - 0.17 
p = 0.42 p = 0.35 p = 0.18 
r = 0.10 r = - 0.16 *r = - 0.33 
p = 0.29 p = 0.19 p = 0 .03 
r = - 0.08 r = - 0.16 *r = - 0.51 
p = 0.33 p = 0.20 p = 0.00 
• significant at 5 percent 
TABLE 5.12 
Callitris 
Casuarinaceae 
Eucalyptus 
Chenopodiaccae 
Asteraceae 
(fubuliflorae) 
Poaceae 
Pearsons correlation coefficient between pollen percentages for major 
taxa and rainfall 
Rainfall in season Rainfall in previous Rainfall in previous 
of collection 6 months 12 months 
r = 0.06 r = . 0.24 r = - 0.06 
p = 0.37 p = 0.10 p = 0.37 
r = 0.33 r = . 0.32 r = 0.11 
p = 0.04 p = 0.04 p = 0.28 
r = . 0.18 r = 0.22 r = 0.16 
p = 0.16 p = 0.11 p = 0.12 
r = - 0.04 r = 0.14 r = . 0.09 
p = 0.41 p = 0.23 p = 0.31 
r = 0.01 r = . 0.04 r = . 0.10 
p = 0.47 p = 0.41 p = 0.29 
r = 0.03 r = . 0.20 *r = . 0.32 
p = 0-45 p = 0.14 p = 0.04 
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trapping period of 1980, demolish any statistical relationship one might hope would 
exist. Focusing attention on traps with Callitris in the local vegetation does little to alter 
the overall pattern. 
Results for Eucalyptus reflect the preferred summer flowering periods for most of the 
species involved and again there is a tendency for more pollen to be caught in the drier 
summer of 1979-80 (Fig. 5.8 and 5.9 ) al though differences are slight. The pattern still 
holds for traps at Kulnine and Kulkyne where E. camaldulensis is common and whose 
flowering is supposedly rainfall sensitive. The simplest explanation seems to lie with the 
amount of rainfall, which was neither high enough to stimulate a special flowering event, 
nor low enough to suppress normal flowering among the eucalypts. In these two more or less 
average years, a more or less average pollen trapping result was probably obtained. 
Pollen percentages and accumulation rates for the Chenopodiaccae are typically highest 
in the winter collections for reasons associated with their preference for flowering in the 
spring months. It is difficult to make too confident a judgement about responses to rainfall 
as traps in the Chenopod rich vegetation at Ned's Comer, Keera and Kulkyne suffered 
mightily at the hands of vandals in the relatively wet final 6 months of 1981. It is worth 
noting, however, that the Kulnine trap has its highest catch of Chenopodiaceae pollen at 
this time. Traps at Main Road and Bee Track, which can only sample the regional 
population of Chenopodiaceae pollen, do not seem to respond to rainfall at all . Nor do 
those traps where the local Chenopodiaceae failed to flower. This suggests that the 
rainfall was not enough to provoke a reaction among the local chcnopods and hints 
perhaps that the pollen of the Chenopodiaceae do not disperse all that widely. 
We now come to the Casuarinaceae, the one woody taxon whose pollen output correlates 
significantly with rainfall in the season of collection and negatively with rainfall in the 
previous 6 months. Highest pollen accumulation rates are found in the winter catches, 
despite a preference for summer or autumn flowering, which should have registered in the 
summer collections. The higher catches coincide with higher seasonal rainfall, but the 
numbers of pollen are so low that there is little likelihood that local flowering is 
involved, and the apparent relationship with rainfall is not direct. The highest catches 
are generally found in the period between May 1980 and November 1981, following shortly 
after the dramatic rainfall event in April 1981. It is tempting to link the relatively high 
Casuarinaceae catches - perhaps in the spring - to the April rainfall, despite a significant 
negative correlation with rainfall in the preceding season, as rainfall levels in months 
other than April were average or below and depress the overall statistical relationship 
between pollen and rainfall. 
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The Asteraceae and Poaceae are two groups which should be directly responsive to 
rainfall, but neither correlates significantly with rainfall in the season of collection or 
with rainfall in the preceding season. Pollen accumulation rates for both are negatively 
correlated with rainfall in the year preceding the trapping period, but in percentage 
terms, the Asteraceae correlation is non significant. 
Although the statistics are not particularly flattering , a couple of points can be made. 
First is that the Casuarinaceae and the Asteraceae achieve their highest rates of pollen 
accumulation in the winter collection following high rainfall in April 1980. This is 
especially true of traps like Glencoe, Ned's Corner, and Keera, where the daisy flora is 
locally well developed. Other traps, such as those in the Big Desert heaths where 
Asteraceae are sparse, do not show a similar response suggesting that any improvement in 
the life of daisies is not reflected in the regional pollen 'rain'. 
Poaceae pollen do not seem to have been even remotely influenced by the April rains, but it 
does seem that accumulation rates are generally higher during the trapping seasons of 
1981 when rainfall was at the upper end of the average range, even in traps where grasses 
are notable by their absence. The comparatively muted responses of Asteraceae and 
Poaceae, taxa generally considered responsive to rainfall variations in semi-arid 
environments, is curious. There is a remote possibility that rainfall in the trapping period 
was insufficient to promote growth and flowering of the grasses and daisies, implying that 
the reasonable cover abundances recorded from several trap sites are remnants of a 
previous growing period. Another possibility is that rainfall occurred at a season 
unfavourable for vigorous growth to occur. 
There are a number of major limitations standing in the way of applying these data more 
generally, or to fossil sequences. Most important is the short trapping run of only two years, 
hardly adequate to identify the full range of palynological possibilities in a highly 
variable environment. Losses of a number of traps in the course of the investigation did not 
help. The results benefited from the near average rainfall which occurred while the traps 
were operating, but could not sample palynological reflections of the more extreme events 
which could provide analogues of changing environments in the past. I suspect the catches 
obtained are close to those which can be expected from semi-arid northwestern Victoria. 
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the reasonable cover abundances recorded from several trap sites are remnants of a 
previous growing period. Another possibility is that rainfall occurred at a season 
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5.3 Pollen trappin~ at Lake Tyrrell 
5.3.1 Pollen trap locations 
A second facet of the pollen trapping program focuses on Lake Tyrrell with the intention of 
describing pollen assemblages arriving at the lake, identifying pollen source areas, and 
fitting pollen catches from traps at Lake Tyrrell into a regional context. To achieve these 
ends, the methodology adopted at Lake Tyrrell was the same as that employed in the 
regional trapping study. Traps were emptied during November and April each year, a 
minimum of 250 pollen grains were identified from each collection and vegetation 
descriptions for each site were based on minimal area quadrats placed along eight axes 
radiating from the pollen trap, as described at the beginning of the chapter. 
Tauber pollen traps were established at Lake Tyrrell in two stages. The first set of traps 
was installed during the grand tour of November 1979. The others were set up in May 1980, 
after the decision to concentrate efforts at Lake Tyrrell had finally been made. Most of the 
traps erected in 1979 were placed around the perimeter of the lake (Fig. 5.10), with the 
exception of Traps 2, 5 and 7 which were put as dose to the centre of the northern basin as 
possible. 
The trap at Tyrrell West was placed about 100 metres offshore from a broad samphire 
flat, which grades into a gentle slope toward the western dunefield. Vegetation on the 
samphire flat is dominated by Arthrocnemum sp and Pachycornia tenuis , with grasses, 
Mesembryanthemum crystallinum and occasional Asteraceae as subsidiary types. 
Approximately 60 metres from the edge of the Jake, the sarnphire flat is replaced by 
agricultural land which supported a healthy growth of Brassica tournfortii among the 
wheat stubble on each visit to the site. Scattered clumps of Eucalyptus dumosa , and 
Pittosporum phylliraeoides , along with Heterodendrum oleifolium (left as shelter and 
fodder trees) are the only remaining concessions to the original tree cover. Several trees 
support infestations of Cassytha . 
The trap at Tyrrell East was also placed 100 metres from the shore, and has an imposing 
Junette ridge as a backdrop. The lunette vegetation is dominated by Chenopodiaceae of 
various types (especially A triplex vesicaria , Maireana pyramidata and several species 
of Sclerolaena ) with grasses, Asteraceae and Disphyma australe occurring between the 
shrubs. Heavy grazing pressure has encouraged weed growth in many areas and severely 
retarded growth of the native shrubs. 
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A little south of the Tyrrell East site, a trap was placed in the centre of Pup Lagoon, a 
secondary basin lying between the main lake and the Junette ridge. Vegetation 
immediately around the lagoon is dominated by samphires which gradually give way to 
a chenopod community similar in all respects to that found around Tyrrell East. Occasional 
specimens of Brassica tournfortii , Pittosporum phylliraeoides and pathetically 
straggling examples of the introduced weed Nicotiana glauca occur scattered across the 
lunette. 
The pollen traps established in 1979 were placed along transects running north to south 
and east to west across the northern basin of the Lake. The transects converge on Folly 
Point, and an offshoot which I have chosen to call Piezo Point (Fig. 5.10). Traps at the end 
of each transect come close to vegetated surfaces, the others, like Trap 5, are set deep in 
the salty wastes of the lake surface. Duplicate traps sporting natty stainless steel covers 
similar to those used by Tauber (1965) to exclude the rainout compontent of the pollen rain 
from his traps were installed at sites 5 and 7 (Plate 5.10). 
Trap Site 1 lies lOOm from the tip of Folly Point. The vegetation on Folly Point is very 
similar to that on the major lunette, but has been less harshly treated by stock and as a 
consequence supports a wider range of taxa. Additional taxa include Lavatera plebeia , 
Plantago drummondii , Swainsona sp and Helichrysum sturtianum . The same vegetation 
occurs at Piezo Point. 
Traps at sites 3 and 4 lie adjacent to the northern lake shore 350 metres and 400 metres 
respectively from the shoreline. Vegetation along the northern lake shore takes the form 
of a degraded mallee, which is replaced by agricultural land after about 200 metres. The 
mallee fringe is narrower west of the transect where farmers have been more aggressive. 
Dominant trees are Eucalyptus dumosa and E. calcyogona . Rarer types include 
Allocasuarina luehmannii, Callitris verrucosa , E. foecunda and Myoporum platycarpum . 
Rhagodia gaudichaudiana forms a halo around the base of many of the mallees, 
whilstAtriplex vesicaria , Enchylaena tomentosa , Sclerolaena species, grasses and 
Asteraceae prefer the intervening areas. The samphire fringe is very narrow and hugs the 
base of the cliffed shore. Disphyma grows among the samphires. Rarer shrubs occurring 
near the traps include Exocarpos aphyllus, Grevillea huegelii , Pittosporum 
phylliraeoides , Eremophila glabra and Cassia nemophila , the latter three being most 
abundant along disturbed roadside. Weeds include Brassica tournfortii, Marrubium 
vulgare , Solanum elaegifolium , Citrullus lanatus , Heliotropium europeaum , and a small 
patch of Echium lycopsis. 
e Pollen trap locality 
* Rooted trap 
0 1000 
I I 
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Moving to the west, trap site 8 lies at the western extremity of the east to west trapping 
transect. Like trap 1, it was placed 100 metres from the lake shore on a salt encrusted 
surface. Vegetation adjacent to the trap is almost completely agricultural. Samphires 
form a fringe less than 5 metres wide before being replaced by cultivated ground. Poaceae 
are the dominants with a substantial weed component also present. Myriocephalus 
stuartii is the one identifiable species among a number of unidentifiable Asteraceae. The 
Chenopodiaceae are represented by Atriplex vasicaria Sclerolaena species, Rhagodia 
gaudichaudiana and Maireana pyramidata. None is abundant. Disphyma australe and 
Mesembryanthemum crystallinum occur occasionally in the samphire fringe. At the other 
end of the morphological scale, Eucalyptus foecunda and Heterodendrum oleifolium grow 
in patches along a nearby road. Many of these trees are festooned with Cassytha. 
5.3.2 Composition of pollen trap catches 
The results of pollen trapping at Lake Tyrrell will be presented in two stages, the first 
being a generalised, integrated view of catches in the context of regional patterns. The 
second stage treats results more locally, touching upon pollen transport to the lake, and 
processes affecting the subsequent dispersal and sedimentation of the grains. 
Catches from the pollen traps on Lake Tyrrell are summarised in Figure 5.11 where 
catches from all the traps and all the collections are summed and reduced to average 
values. Catches reflect the open, degraded natural vegetation and agricultural activity 
which typify landscapes around the lake today. Poaceae dominate the catches, with an 
aggregate of 29.4 percent, hotly pressed by exotic taxa (principally Brassica tournfortii) 
at 29.3 percent. Asteraceae (17.8 percent) marginally head Chenopodiaceae (15.8 percent) 
as the next most abundant type. Eucalyptus , which is the most common tree around the 
lake, in vegetation reserves and along roadside verges, contributed 12.3 percent of the 
native pollen. Callitris, which occurs as a scattered tree in mallee remnants provides 6.8 
percent of the catch, and Casuarinaceae which are very scarce in the vicinity of Lake 
Tyrrell, contributes 2.6 percent. Po11en of Disphyma australe, a succulent species locally 
common on saline sites, reaches 3 percent of the native pollen catch. The only other taxa 
having values greater than 1 percent are Calytrix (1.69 percent) and Dodonaea (1.04 
percent), both of which are shrubs occurring rarely (Dodonaea) or not at all (Calytrix 
around the lake. 
Calytrix grows abundantly in the mallee heaths of the Big Desert to the west of Lake 
Tyrrell, as do Leptospermum spp and Baeckea spp, whose pollen occur with unusual 
abundance and frequency in traps on and around Lake Tyrrell. Figure 5.11 illustrates this 
point but it should be noted that accumulation rates show the pattern more dearly than 
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do percentages. These three taxa have several factors in common - an attractiveness to 
insects, relatively low rates of pollen accumulation in pollen traps in mallee heath 
vegetation where the plants are common and major distributions occurring west of Lake 
Tyrrell, in the Big Desert. 
This raises the possibility of an identifiable insect vectored pollen source lying well to 
the west of the lake, a possibility reinforced by wind roses (see Chapter 4 ) showing a 
dominance by winds having strong southerly and westerly vectors which would aid 
movement of insects from west to east. The variability of pollen catches for these 
putatively insect vectored taxa between trapping periods, and between traps in the same 
trapping period argues against a long distance airborne origin for these types in traps on 
Lake Tyrrell (Tauber 1965, 1967, Oldfield 1970). 
A more local pollen type whose representation seems to be largely determined by insect 
activity is the introduced weed Brassica tournfortii . High rates of pollen accumulation in 
traps 1, 3, 4, and the roofed trap at site 5 during the May to November trapping season in 
1980 coincided with catches of the hoverfly in the trapping fluid. These flies were also 
seen enthusiastically buzzing around the yellow Brassica flowers and the connection is 
not too hard to make. 
A general feature of the trapping catches at Lake Tyrrell was the abundance of insects 
which slipped between the bars on trap apertures and into the trapping medium. Insect 
catches were far larger at the lake than in any of the other trap locations. Spiders, ants 
(winged and non-winged forms), moths and numerous fly species accounted for most of the 
victims. Few of these beasts, excepting perhaps the moths, are likely to carry heavy 
pollen loads and given the absence of bees from any of the assemblages of creatures 
recovered from the traps, I don't believe extraneous insect borne pollen is a serious 
complication in analysis of the trap data. The over abundance of Brassica pollen has been 
neutralised by removing all exotic taxa from the pollen sum. This also allows a more 
useful comparison between catches from the traps located in 'natural' vegetation, and 
those sited in the massively disturbed vegetation at Lake Tyrrell. 
The most noticeable feature of the catches from Lake Tyrrell is the number of introduced 
plants represented in the catches, and the proportion of exotic pollen in the overall 
assemblage. Exotic pollen taxa in this context are those in which a majority of species 
within the pollen morphological group are introduced - an example would be the 
Curcurbitaceae, in which native types occur, but are greatly outnumbered by the various 
paddy melon types common on disturbed ground in northwestern Victoria. A similar case 
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could be made for the Cruciferae, Rumex and the Urticaceae. The nett result is that the 
ranks of exotic pollen are swollen slightly at the expense of native pollen totals - but not 
to any significant degree. This point can be made with more effect when the profiles of 
exotic pollen in near surface sediments are examined in a later section. 
Exotic pollen at Lake Tyrrell reach maximum values in excess of 91 percent of the native 
pollen catch. Much of this is due to the influence of Brassica tournfortii pollen but when 
this pollen type is removed from the sum, exotics still account for an average of 10.02 
percent of pollen. This contrasts strongly with the other traps sited around northwestern 
Victoria, where the exotic types generally make up less than 5 percent of the total catch. 
This is hardly surprising, as Lake Tyrrell features an abundance of agricultural land in 
the immediate surrounds of the lake, whereas other traps were placed in as close to 
undisturbed vegetation as could be arranged. The nearest rivals to Lake Tyrrell in their 
levels of exotic pollen are traps at Keera, Kulnine and Kulkyne, each of which is close to 
severely degraded agricultural land. 
Among the exotics, Echium , Rumex , introduced Plantago and Urticaceae are fairly 
general in occurrence, being found in low percentages in all traps, and may well represent 
background values, especially as these taxa were not recorded in vegetation surveys 
around any of the trap sites. Several other pollen types are found in most of the traps, but 
are more common at Lake Tyrrell than elsewhere - examples are Asteraceae 
(Liguliflorae), Cerealea type grass pollen and Cruciferae (other than B. tournfortii), 
which appear to be associated with cultivated lands. Heliotropium pollen likewise is 
restricted to areas with nearby cultivation, notably in the traps at Kulnine and Keera. 
Aizoaceae pollen, probably from Mesembryanthemum crystallinum, is found regularly in 
the Lake Tyrrell pollen traps, but is also found in traps on low lying sites with fine 
textured soil at Ned's Comer, Kulnine and Kulkyne. No Mesembryanthemum plants were 
found at Kulkyne, but it is common near the other trap sites. Pollen types restricted to the 
traps at Lake Tyrrell include Polygalaceae, and Curcurbitaceae, the latter type being 
concentrated in traps at the end of transects, near the fallowed cereal paddocks where 
paddy melons grow in profusion. 
Native pollen types recovered from the traps on Lake Tyrrell largely reflect the battered 
nature of the surrounding vegetation . Poaceae pollen are abundant, reaching a maximum 
of around 58 percent, and averaging 29.42 percent for all traps on the lake. This figure far 
exceeds levels in any of the traps with the exception of Kulkyne, where a similar tract of 
open disturbed country lies nearby. 
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Average values for Callitris pollen (6.87 percent) are comparable with those from Sunset 
and Kulkyne where Callitris grows as an occasional tree in areas around the trap. 
Average pollen accumulation rates at Lake Tyrrell (215 grains/ cm2 /year) are also 
comparable with those from Sunset (158 grains/ cm2 /year) and Kulkyne (at 147 
grains/ cm2 /year). Traps with Callitris growing in close proximity have far higher 
percentages than are found at Lake Tyrrell. Values of 85 percent are reached at Birthday 
Tank, 20 to 25 percent in the Big Desert, and about 20 percent at Glencoe. 
Casuarinaceae pollen percentages at Lake Tyrrell align closely with those from other 
traps where Allocasuarina plants are sparse. Values from Tyrrell average 2.6 percent. 
Even in the Big Desert and at Birthday Tank, where Allocasuarina is an important part 
of the local flora, representation of Casuarinaceae pollen can barely struggle above 10 
percent. Results from Birthday Tank are probably abnormally low at 4 percent. These 
data suggest that Casuarinaceae is a significantly under-represented pollen type in 
northwestern Victoria, but this conclusion requires a considerable degree of testing. 
Eucalyptus values at Lake Tyrrell show a considerable uniformity in the various traps, 
averaging out at 12.36 percent of the total catch. This level compares well with results 
from other trap sites where Eucalyptus is present in the vegetation, but is not 
overwhelmingly dominant. Traps in this category include Keera, Birthday Tank and the 
traps in the Big Desert. Traps in Eucalyptus dominated vegetation, again, have far 
higher Eucalyptus percentages than are found at Lake Tyrrell, with levels in the range of 
60 to 70 percent, though Kulkyne is unusually low at 31 percent. It has been argued 
previously that this low figure is due to oddities in the pattern of Eucalyptus flowering 
around this site. A second oddity lies in the unusually high percentage of Eucalyptus 
pollen in the trap at Tyrrell Site 1 (34 percent), despite a complete absence of Eucalyptus 
for 5 km in any direction. The accumulation rate of Eucalyptus pollen in the trap at Site 1 
is not outrageously divergent from the average for all pollen traps at Lake Tyrrell (397 
grains/cm2/year, compared with 354 grains/cm2/year), so the inflated percentage is 
likely a result of factors other than abnormal Eucalyptus pollen production or transport to 
the trap. Eucalyptus pollen accumulation rates at Lake Tyrrell are generally higher than 
in other non-Eucalyptus dominated trap sites, in keeping with the prevalence, albeit 
drastically thinned out, of Eucalyptus in surrounding areas. 
Percentages of Chenopodiaceae pollen in traps on Lake Tyrrell are typically higher than 
in traps in mallee, mallee heath or Callitris woodland. Percentages are more readily 
compared with catches obtained from traps in riverine forests at Kulkyne and Kulnine 
(Lake Tyrrell, 15.8 percent; Kulkyne, 16.1 percent; Kulnine, 14.3 percent). Higher 
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percentages are found at Keera (29.28 percent) and Ned's Corner (84.78 percent) where 
traps were placed in chenopod shrublands, but it should be noted that two of the traps on 
Lake Tyrrell contain substantially higher than average chenopod percentages (Pup 
Lagoon, 44.94 percent; Tyrrell East, 29.29 percent), reflecting proximity to the saltbush 
dominated lunette along the eastern side of the lake. 
Secondary taxa found in chenopod shrublands at Ned's Comer and Keera arc also found in 
trap catches from Lake Tyrrell. Disphyma pollen regularly occur in traps at Lake Tyrrell, 
as well as in the traps at Ned's Comer and Keera, but pollen of Frankenia and Nitraria, 
taxa usually associated with saline or gypseous sites, are confined to traps at Lake 
Tyrrell. Pollen of Selenothamnus , a plant found around salt lakes, groundwater discharge 
points and on saline soils, occurs in small amounts at Ned's Comer and Lake Tyrrell. 
Poaceae pollen comprise an average of 29.4 percent of pollen catches from Lake Tyrrell, 
higher by a long way than is found at any other site (the next highest being 16.82 percent 
and 10.02 percent in traps located in the Big Desert where grasses do not grow freely. In 
this case, the percentages are somewhat inflated by comparatively low rates of 
accumulation of pollen from local taxa). The pattern for percentages are paralleled by 
pollen accumulation rates, which are far higher in traps at Lake Tyrrell than in any 
other traps. The prominence of grass in trap catches from Lake Tyrrell needs some comment 
and amplification. Most of the grasses growing around Lake Tyrrell are probably 
introduced, but identifications remain uncertain. Native grasses such as Stipa variabilis 
are common in open areas of the Hogan and Eureka State Forests, but these areas have 
been somewhat abused in the past. Certainly grasses, usually introduced forms such as 
Schismus and Hordeum , are common invaders of disturbed mallee lands (Sims 
1969,Beadle 1948), and could be expected to have benefited from destruction of mallee 
vegetation. Grassland is significantly more widespread under the modem land use regime 
than would have been the case prior to European settlement. 
A similar line of argument can be applied to the various Asteraceae which form a large 
proportion of the early colonisers of abandoned farmland (Sims 1949, Onans and Parsons 
1980) and burned mallee (Zimmer 1940). The daisies Myriocephalus stuartii and Ca/otis 
erinaceae are often found on fallowed paddocks in the vicinity of Lake Tyrrell. 
Asteraceae pollen account for 17.8 percent of the catch in traps at Lake Tyrrell, and 21.7 
percent at Keera, where local vegetation is in a comparable state of disarray. Catches of 
Asteraceae pollen in other traps are generally low, usually less than 5 percent. Pollen 
accumulation rates for the Asteraceae emphasise the differences between Lake Tyrrell 
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where rates are high, and the other trap sites where the pollen flux is low (even at 
Keera). 
Other pollen taxa occurring in the pollen traps at Lake Tyrrell are also worth a mention, 
despite low percentage representation. Coprosma is a taxon with pollen found in traps at 
Glencoe, in the Big Desert and at Lake Tyrrell but does not feature in floras of the region. 
There is a slight possibility that pollen could be confused with the morphologically 
similar pollen of Opercularia (especially 0. turpis), which grows in the more humid 
parts of western New South Wales (Cunningham et al 1981). Opercularia pollen is also 
found in traps set on Lake Tyrrell, the Big Desert and at Kulkyne. As a result it would not 
be safe to use presence of either pollen type in fossil assemblages as indicators of more 
humid conditions. 
Amyema pollen occur regularly in catches from traps at Kulnine and Kulkyne. It also 
occurred in one collection from Glencoe. It is also found in several of the traps on Lake 
Tyrrell, and probably represents a contribution from the patches of Black Box found in 
areas such as Box Gully. Amyema appears to be characteristically associated with E. 
largiflorens and may well be a useful indicator of these environments. 
A characteristic part of the local flora around Lake Tyrrell is the salt tolerant Melaleuca 
halmaturorum, which inhabits sites in the samphire fringe along the western side of the 
lake and along the saline reaches of Tyrrell Creek. Also characteristic of the trap catches 
from Lake Tyrrell is a consistent presence of pollen most easily referred to Melaleuca , 
though this identification is necessarily a bit rubbery. Melaleuca pollen are not found 
regularly in any of the other trap localities. 
In common with other sites, catches from Lake Tyrrell contain a consistent (but low) level 
of representation by pollen of Cyperaceae,Typha and other aquatic taxa . None of these 
taxa grows near the lake - the most likely local habitats for aquatic plants are in farm 
tanks and the channels making up the extensive gravity feed water supply system which 
services properties in northwestern Victoria. Farm tanks around the lake are distinctly 
lacking in vegetation and were dry each time I visited them. The irrigation channels only 
operate for a few days per year, and are likewise singularly devoid of aquatic plants or 
sedges. Neither source could account for the catches obtained in the trap. The most 
probable source lies to the east in land systems associated with the Murray River, 
suggesting that appreciable airborne accession to the lake occurs at least 30 km from the 
source area. 
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Muehlenbeckia pollen is also found in the airborne pollen flora at Lake Tyrrell. This 
pollen type is generally found in traps close to the Murray River flood plain (Keera, 
Kulnine, Kulkyne) and appears to be a good indicator of flood plain settings. It occurs 
commonly in the less saline tracts of the Tyrrell and Lalbert Creeks, and may be an 
important contributor to stream borne pollen assemblages. Muehlenbeckia is also found in 
the small patches of black box dominated vegetation (such as at Box Gully) which grow 
on low lying sites of relatively low salinity to the north of the lake. Muehlenbeckia 
pollen thus arrives at the lake from a composite source, probably as a water borne 
element, but also by aerial transport. 
5.4 ReKional variations in pollen trap catches 
So far discussion has focused on the relationships between catches from traps located in a 
reasonably small part of north western Victoria, in the middle range of climates which 
might be usefully thought of as semi-arid. Vegetation types investigated are those 
clearly associated with the semi-arid climatic areas - mallee, chenopod shrublands, 
mallee heath, Callitris - Allocasuarina woodland and riparian forest. The next stage is 
to compare the catches from northwestern Victoria with those from vegetation at the arid 
and humid ends of the semi-arid climatic continuum. Data for this part of the project are 
drawn from traps established by Dr G. Singh as part of a large scale investigation of 
pollen rain in southeastern Australia. Tauber pollen traps were placed along the rainfall 
gradient from coastal New South Wales to Lake Eyre. I have taken results from several 
traps which complement those in the major study area but unfortunately, the trapping 
period does not coincide with that for my traps in northwestern Victoria. Comparisons 
between the two sets must be of a very general nature, employing percentages calculated 
over the full period of collection. A further complication is introduced by uncertainties in 
some of the identifications of pollen in the traps from western New South Wales, where 
counting was performed by at least three individuals. To minimise the impact of 
unverifiable identifications, I have chosen to reduce the data to major pollen 
morphological groups where identifications can be given some confidence. In practice this 
has meant making comparisons using the six most common types (Callitris, Casuarinaceae, 
Eucalyptus, Chenopodiaceae, Poaceae and Asteraceae), together with a several 
specialist taxa (other Myrtaceae, Dodonaea, Disphyma , Frankenia, Gyrostemonaceae). 
Vegetation data for each of the western New South Wales sites is sketchy as detailed 
surveys have yet to be attempted. Localities are shown in Fig. 5.12. 
At the wetter end of the transect are two traps sampling box dominated vegetation on the 
western slopes. The Livingstone trap is located in State Forest near Wagga Wagga, where 
mean annual rainfall is 571 mm. Vegetation around the site is dominated by Eucalyptus, 
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with E. sideroxylon, E. polyanthemos, E. melliodora, E. mannifera, E. rossii and E. 
macrorhyncha recorded by forestry surveys. Allocasuarina sp grows in the forest, as do 
several species of Acacia, Exocarpos cupressiformis and occasional Xanthorrhea. 
Callitris endlicheri is common; C. columellaris comparatively scarce. No vegetation data 
are available from the second trap, at Lake Cowal, which lies between Wyalong (480 mm 
rainfall) and Forbes (526 mm). 
Further inland, at Lake Vrana (rainfall about 442 mm) the vegetation takes on a more 
westerly character with the appearance of Heterodendrum oleifolium, Acacia pendula, 
A. oswaldii, Geijera sp, Pittosporum phylliraeoides and Sida corrugata. Dominant 
eucalypt is E. woollsiana with contributions from Allocasuarina luehmanii, Callitris 
columellaris and Hakea leucoptera. Brachychiton populneus and Cassia eremophila fill 
out the species listed for this site. 
In a slightly drier area again (421 mm) the trap at Lake Donald in the Wimmera of 
western Victoria appears to catch part of the Goldfields flora, with an appearance of the 
mallees Eucalyptus viridis and E. froggattii. Box Eucalypts, the ironbark E. sideroxylon , 
Allocasuarina stricta and A. luehmannii make up the rest of the tree flora. Ptilotus, 
Damasonium, Daucus glochidiatus, Boronia, Wahlenbergia and Hydrocotyle are also 
found near the trap. Much of the area around the lake is given over to agriculture. 
The trap at Lake Tyson samples woodland vegetation typical of areas north of the 
Murray River. Many of the plants listed are common on saline sites - Lycium australe , 
Frankenia sp, Nitraria sp, and the introduced Mesembryanthemum crystallinum . Trees 
include Callitris columellaris, Flindersia maculosa, Acacia aneura, Allocasuarina 
(probably A . cristata), Myoporum platycarpum, Geijera parvifolia and Heterodendrum 
oleifolium. Other types are Exocarpus aphyllus, Euphorbia sp, Lavatera plebeia, Cassia 
spp, Acacia loderi and Tribulus sp. Rainfall at Hatfield, the nearest rainfall station, is 
297mm. 
No vegetation data are available for the trap at Ivanhoe, where rainfall is around 
290mm. 
The trap at Lake Cobham is sited about half way between the towns of White Cliffs 
(234 mm) and Tibooburra (214 mm). I have assumed a figure of 220 mm for the trap 
site.Vegetation near this trap features a number of species most common in woodlands in 
northern parts of semi-arid western New South Wales, notably Atalaya hemiglauca, 
Owenia acidula, and Eucalyptus gillii. Eucalyptus microtheca mingles with E. 
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camaldulensis along creeks, but both are replaced by E. largiflorens on slightly higher 
sites. Attocasuarina cristata, Codonocarpus cotinifolius, Heterodendrum oleifolium, 
Ftindersia maculosa and Acacia aneura make up the rest of the tree flora. Taller shrubs 
include Acacia victoriae, A. tetragonophylta, Dodonaea attenuata and various species of 
Eremophila . A strong chenopod component is provided by Atriplex vesicaria, Maireana 
spp and Sclerolaena spp. 
Pollen catches for major taxa in each of the additional traps are listed in Table 5.13, along 
with percentages from traps at Lake Tyrrell, and from surface samples taken from the 
lake bed. Once again percentages are based on a sum of total native pollen and spores. 
The basic aim of this exercise is to fit potlen catches from Lake Tyrrell into a regional 
framework defined by data from traps arranged along the rainfall gradient which 
largely determines vegetation distribution inland of the Eastern Highlands. Percentages 
were subjected to a clustering routine contained in the Statistical Package for the Social 
Sciences (SPSS ) computer program in an attempt to identify relationships between 
catches in a reasonably objective fashion. 
The routine adopted was Ward's Method, an hierarchical agglomerative technique 
which operates on the assumption that losses of information through clustering can be 
measured by the total sum of squared deviations of each fusion point from the mean of the 
cluster. Fusion between cases attempts to minimise increases in the error sum of squares 
(Everitt 1977). Results are often expressed in a dendrogram. Everitt (1977) considers 
hierarchical clustering methods to be particularly suited to biological data where 
hierarchical structure can be assumed to exist, as in many of the taxonomic applications of 
cluster analysis. Similar structure is likely to occur in the distribution of pollen types 
along the trap transect, making an hierarchical method a reasonable choice. No 
artificial constraints were placed on the number of possible clusters, nor any attempt made 
to attach levels of significance to the clusters generated. 
Results of cluster analysis are shown in Fig. 5.13. At the highest level of dissimilarity 
two major clusters are outlined. Ouster 1 contains traps at Cowal, Vrana, Livingstone and 
Donald. Cluster 2 is formed by the traps at Tyson, Ivanhoe, Cobham and Lake Tyrrell. 
The surface samples from Lake Tyrrell also group with these traps. The major division 
between clusters occurs between traps at Donald and Lake Tyson. 
Within Cluster 1, Cowal and Vrana are least dissimilar but the connection between 
Livingstone and Donald is more tenuous. Ouster 2 links Tyson and Ivanhoe quite closely, 
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with Tyrrell trap and surface samples grouping together at a slightly greater distance. 
Cobham clusters with the Lake Tyrrell data but well removed and stands apart as 
something of an outlier within the cluster. 
Determining factors behind the clustering can be best investigated by referring to Fig. 
5.14, where trap catches are plotted in the order dictated by Fig. 5.13. The disjunction 
between major clusters (between Donald and Tyson) coincides with major changes in the 
percentages of Poaceae, Chenopodiaceae and Asteraceae, with a lesser effect seen in 
Callitris , though the disjunction does largely reflect a change in vegetation from 
Callitris columellaris woodlands to the more sparsely distributed C. preissii 
characteristic of semi-arid dune country along the Murray River. Percentages of Callitris 
pollen are generally high in Cluster 1, and lower in Cluster 2. Callitris in dune vegetation 
probably accounts for relatively high Callitris pollen percentages in traps at Tyson and 
Ivanhoe, whilst low values at Donald probably reflect diligent clearing of native 
vegetation prior to agricultural usage. Populations of Callitris around Lake Tyrrell 
suffered a similar fate, and percentages must be considered minimum values only. 
Traps in Cluster 1 also exhibit higher percentages of grass pollen than is found in traps 
falling into Cluster 2. Values for Poaceae pollen at Donald are probably excessive, as 
surrounds of the site are dominantly agricultural. A similar point should also be made for 
trap and surface sample data from Lake Tyrrell, which contain appreciably higher 
percentages of grass pollen than do other traps in Cluster 2. 
On the other hand, traps in Cluster 2 are distinguished by high percentages of 
Chenopodiaceae and Asteraceae in their catches. It is most unlikely that these taxa have 
been greatly affected by landuse practices at Donald or Lake Tyrrell, and the boundary 
between high and low values is probably a reasonable approximation of reality. 
Eucalyptus retains a reasonably constant level of representation across the whole array of 
traps, but Casuarinaceae percentages peak in traps at Tyson and Ivanhoe. Neither taxon 
seems to be significant in determining the grouping of pollen traps. 
A peculiarity of the clustering is the apparent grouping in Cluster 1 of traps at the wetter 
end of the rainfall gradient, and traps at the drier end end up in Cluster 2. Plotting of the 
trap percentages in order of decreasing rainfall (Fig. 5.15) reinforces this impression. 
When traps are arranged strictly according to rainfall figures, several changes in the 
order of traps become necessary. Most dramatic is the transfer of Lake Tyrrell from the far 
TABLE 5.13 Pollen percentages for selected taxa occurring in pollen traps placed in western New South Wales and at Lake Tyrrell. 
Data from locations other than Lake Tyrrell courtesy of G. Singh. 
TRAP 
TAX ON Cow al Livingstone Urana Tyson Donald Cobham Ivanhoe Tyrrell Tyrrell 
Traps Surface 
Samples 
Callitris 44.l 28.3 49.1 19.7 9.9 1.4 23.9 6.9 4.3 
Casuarinaceae 4.6 1.2 0.7 8.5 0.8 0.4 17 .4 2.6 4.5 
Eucalyptus 2.5 13.9 3.5 3.6 2.7 0.5 5.0 12.4 9 .1 
Chenopodiaceae 3.1 2.3 2.3 18.6 5.2 39.6 19.4 15 .8 27 .1 
Poaceae 29.4 43.9 38.6 11.2 66.6 10.3 9.6 29.4 31.7 
Asteraceae 9.5 6.5 3 . .1 15.3 5.5 26.7 14.2 17 .9 11.9 
(Pollen sum = total native pollen) 
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FIG.5.13. Clustering of pollen percentages from pollen traps in western New South Wales 
and Lake Tyrrell (Wards Method). 
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end of Cluster 2 to a position between Donald and Tyson, a point where Callitris and 
Poaceae pollen percentages decrease, to be replaced by increasing proportions of pollen 
from Chenopodiaceae and Asteraceae. In this diagram, Casuarinaceae pollen also appear 
to be best represented in traps receiving less rain than at Donald. 
Highest percentages of Callitris pollen occur in the traps at Cowal (503 mm) and Vrana 
(442 mm), decreasing dramatically at Donald and Lake Tyrrell, before recovering to a 
lower plateau at Tyson and Ivanhoe. Percentages are very low at the driest site (Cobham, 
220 mm). As suggested previously, the sites at Donald and Lake Tyrrell support 
considerably degraded Callitris populations but also lie beyond the probable limits of 
dense C. columellaris stands typical of some parts of western New South Wales. It would 
be dangerous to draw too many conclusions as to preferred rainfall ranges of Callitris from 
these data, but a drastic decrease in percentages at about 440 mm doesn't seem too far 
fetched. Moderate Callitris percentages seem to be maintained down to around 290 mm 
rainfall. This interpretation is consistent with the distributions of Callitris noted by 
Boland et al (1984) and Adams (1984). The New South Wales distribution of Callitris 
columellaris (C. glauca is the name employed by Boland et al 1984) lies between about 
750 mm and 380 mm (Boland et al, 1984), although C. columellaris grows to as low 
rainfall as 230 mm in parts of South Australia and Western Australia. Callitris preissii 
distributions in South Australia range between 690 mm and about 250 mm annual rainfall 
(data cited by Adams 1984). Adams (1984) considers the upper rainfall limits in Victoria 
to be around 445 mm, a figure which also probably applies in western New South Wales. 
Despite an inability to identify Callitris species on pollen morphological grounds, 
problems introduced by modification of Callitris distributions and probable disturbance of 
vegetation around the trap sites, it appears that the change from high Callitris pollen 
percentages to consistently lower values marks a significant break point in rainfall and 
vegetation gradients inland from the mountains. 
Catches of Chenopodiaceae pollen increase radically as rainfall levels decline. The cut 
off between high and low Chenopodiaceae percentages again occurs at around 400 mm 
annual rainfall, although percentages from the trap at Donald show some signs of 
increase. Core areas of chenopod shrublands lie between 266 and 125 mm annual rainfall 
(Leigh 1981 ), but the pattern is complicated by the role of soil characteristics in 
determining boundaries between chenopod shrubland and other vegetation types which 
contain substantial chenopod elements and which encroach into wetter areas (Noy-Meir 
1970). Vegetation at Lake Tyrrell illustrates this point. Here Chenopodiaceae occupy 
understorey sites in mallee vegetation, and form a chenopod shrubland on sites where soils 
are clay rich and salt impregnated, all in an area averaging 322 mm rainfall per annum. 
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The balance between percentages of Poaceae and Asteraceae pollen also changes at around 
400 mm average annual rainfall. Interpretation of this apparent trend is made difficult 
by the disturbed nature of the vegetation at both Donald and Lake Tyrrell (the traps 
where the change appears to be focused). Exceptionally high percentages of Poaceae 
pollen occur in the trap at Donald, and can be best explained with reference to the extent 
of agricultural land in the vicinity of the site. Similar arguments have already been 
advanced with respect to catches at Lake Tyrrell. High grass percentages in traps at the 
wetter end of the trap spectrum might be explained in several ways. Perhaps least likely 
in view of efforts by Singh to put traps into forest sites is the impact of grazing land in 
surrounding areas on pollen catches. A second possibility is that grasses find regular 
rainfall conducive to vigorous growth and flowering - this is certainly a factor limiting 
growth of grasses in semi-arid or arid areas , where percentages of grass in traps can be 
seen to be comparatively low. Grasses are often a component of the understorey in 
vegetation of box communities. They are often sparse in drier areas, burgeoning forth only 
after favourable rains. By contrast, Asteraceae are a common component of the 
emphemeral ground flora of semi-arid and arid districts and, with various shrubby taxa, 
effectively replace grasses as the dominant understorey type over large parts of the 
region. 
In these respects catches from traps seem to adequately reflect the general trends in 
vegetation as average rainfall changes. It is edifying to compare these trends with those 
identified by Dodson (1983) in his more general assessment of pollen rain in southeastern 
New South Wales. Dodson's study employed surface sampling to investigate the 
composition modem pollen rain, and so may have a number of systematic differences from 
the trap based investigation. Surface samples may well give a more reliable indication of 
longterm composition of the pollen rain than might be expected from traps which could 
only be operated over relatively short periods of time. 
Among Dodson's (1983) conclusions are several which are of interest here. Eucalyptus 
dominated communities in Dodson's survey are characterised by greater than 20 percent 
Eucai'yptus pollen (pollen sum excludes introduced taxa, Cyperaceae and aquatic types). 
This is consistent with data from the traps placed around north western Victoria. Traps in 
western New South Wales exhibit far lower percentages of Eucalyptus, but contain the 
high percentages of Callitris which Dodson considers typical of sub-humid woodlands. 
Results from pollen trapping support Dodson's view that Callitris dominated 
communities produce pollen assemblages containing at least 30 percent Callitris pollen. 
Lower limits for Callitris pollen in trap catches from vegetation containing Callitris 
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plants are in the vicinity of 1 or 2 percent, suggesting that Dodson's 8 percent threshold 
for Callitris occurrence in vegetation is too conservative. 
Dodson's sample from chenopod shrubland raises a few problems. Trap catches from 
chenopod shrubland contain abundant chenopod pollen, with percentages ranging from 29 
percent at Keera to 88 percent at Ned's Corner. Percentages at Cobham, Lake Tyrrell, 
Tyson and Ivanhoe range between 15 and 20 percent, reflecting strong local chenopod 
presences in the vegetation, although not by any means chenopod shrublands. Other traps 
contain less than 5 percent Chenopodiaceae pollen, even where chenopods occur in 
reasonable proximity to the site. These relatively low percentages probably represent the 
average export of Chenopodiaceae pollen, suggesting that chenopods are primarily 
derived from a local pollen source. Grindrod (1985) reaches a similar conclusion. Dodson's 
sample from Acacia pendula - chenopod shrubland is substantially deficient in 
Chenopodiaceae, as well as Acacia , possibly as a result of poor pollen preservation in 
the soil. 
Casuarinaceae pollen percentages in Dodson's samples are low (mostly less than 5 
percent), and have little significant variation between samples. This is consistent with 
the findings from trapping. Asteraceae (Tubuliflorae) contribute to the discrimination of 
alpine vegetation in Dodson's sequence, but are otherwise of limited importance. Poaceae 
percentages are high in most samples but are otherwise of limited importance. 
The differences between trap and surface sample, I think are, of little significance. 
Sampling orders of the two studies are considerably different, with focus of efforts put 
into quite different climatic and vegetational districts. Where similarities do occur, they 
are of greater interest. Convergent conclusions include the relative importance of Callitris 
pollen as a discriminating taxon, and also of Chenopodiaceae as an indicator of drier 
environments. Similar importance is also attached to minor taxa as a means of sub-
dividing pollen spectra from different vegetation types, even though a majority of native 
types do not seem to be adequately represented in the pollen spectra trapped or preserved 
in surficial deposits. 
A second complicating phenomenon in interpreting the trap results particularly is the 
apparent contradiction between ecology of taxa on a local and regional scale. This can be 
best illustrated with reference to Poaceae pollen, which is most strongly represented at 
the wetter end of the trap transect. In semi-arid districts of northern Victoria, however, 
natural grasslands tend to be associated with areas of heavy textured soil which induce 
physiological drought, effectively mimicking a dry climate and excluding most of the 
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woody taxa which grow on sandier sites. Two possible interpretations are thus available 
if Poaceae percentages are high in a pollen diagram from semi-arid areas. The first is 
that high grass percentages indicate relatively abundant rainfall, an interpretation 
reinforced by the observed rapid grass growth in years of above average rainfall. The 
second is that conditions are too dry to support a woody community , leaving an 
opportunity for grasses to thrive. 
Trapping results indicate that a high rainfall model for abundant grass pollen ought to be 
accompanied by high percentages of Callitris pollen. By contrast, if dry conditions favour 
high grass percentages, Chenopodiaceae and Asteraceae should also be abundant. 
Casuarinaceae percentages might also be elevated, as Casuarinaceae species in semi-arid 
areas also shows an affinity for physiologically and climatically drier sites. 
This example illustrates the need to examine combinations of taxa as a guide to analysing 
pollen spectra in terms of modern climatic gradients. It also draws attention to the perils 
of drawing sweeping conclusions from pollen traps (or surface sample) arrays set up on 
'typical' vegetation stands which are almost by definition outside the more restricted 
vegetation types which provide important data about conditions and environments no 
longer widespread in the region. Oldfield (1970) draws attention to the desirability of 
minimising the spatial separation of palaeoenvironmental sites and sites used to 
characterise the modem environment. Clearly in the case of Lake Tyrrell the degree of 
disturbance of the vegetation, and comparatively gentle environmental gradient have 
necessitated a wide ranging trapping program, rather than an intensive investigation of a 
more restricted area. In the case of natural grasslands of northern Victoria, early 
attention of settlers was directed to areas where a minimum of land clearance was 
necessary, with the result that these areas were rapidly degraded and ecological 
relationships blurred. None of the pollen traps, nor any of the surface samples, came from 
a natural grassland, and I am sure other important vegetation categories were also missed. 
5.5 Dynamics of pollen deposition and accumulation at Lake Tyrrell 
Within the bounds of Lake Tyrrell, a combination of pollen trapping and analysis of 
pollen spectra recovered from surficial sediments aids the investigation of processes of 
pollen transfer, deposition and re-distribution in a salt lake environment. 
5.5.1 Pollen surface samples and areal activity of Caesium-137 
Pollen trap locations on the lake have been outlined previously. The surface samples need 
some attention. Samples were only collected from the northern lake basin, a concession to 
logistic difficulties in attempting to deal with the whole of the lake. Sample sites were 
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located on a grid with cells of 1000 m on each side. At the lake, transects were aligned 
using careful compass bearings on prominent features and samples collected at 1000 m 
intervals along the transect. Distances were initially measured via the odometer of a 
specially modified Suzuki four wheel drive kindly made available by the Salt Lakes, 
Evaporites and Aeolian Deposits (SLEADS) working group within the ANU. Technical 
problems with this vehicle (Plate 5.11) led to it's being replaced by the SLEADS Odyssey 
and finally, after the Odyssey magneto succumbed to salt inhalation, samples were 
collected on foot. The position of each sample was checked by compass cross bearings, and I 
am confident that the positions indicated on Fig 5.16 are reasonably accurate. Additional 
samples were taken from beneath the pollen traps. 
At each sample site a 30 cm length of 80 mm diameter PVC water pipe was driven into 
the sediments . The tube was dug out, the ends sealed and removed to the laboratory. 
When sliced open most of the short cores showed minimal evidence of distortion but in 
some others the bedding was domed by friction with sides of the core tube. Surface 
samples comprised the top centimetre of sediment, beneath any salt crust present. If 
bedding was disturbed, sampling followed the trend of beds to maintain a uniform 1 
centimetre thickness. Processing of the samples followed a regime described at the 
beginning of this chapter. Samples were processed volumetrically to allow calculation of 
pollen concentrations (grains/cm3), as well as percentages based on a sum of native pollen. 
The percentages and pollen concentrations of major taxa in the surface samples form Tables 
5.14 and 5.15. 
The remaining material from each short core was turned over to Dr M.E. Longmore (Dept 
Biogeography and Geomorphology, Research School of Pacific Studies, Australian 
National University) and Mr B.M. O'Leary (Dept Physics, School of Applied Science, 
Queensland Institute of Technology) for use in a study of caesium-137 (137-Cs) activity in 
the lake. 
5.5.2 Pollen trap catches in relation to distance from the lake edge 
Pollen traps along the transects running from north to south and east to west in the 
northern part of Lake Tyrrell were placed with the idea of investigating systematic 
variations in pollen deposition in relation to distance from possible pollen sources. 
Whereas previously trap catches have been added together and averaged, this section 
treats results from traps on an individual basis. Figures 5.17 and 5.18 show the catches 
from pollen traps along transects 1 and 2, with each trap plotted in a position 
proportional to distance from the nearest shore. Pollen accumulation rates and percentages 
of native pollen are shown for each trap. 
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Pollen accumulation rates along transect 1 are highest in traps 3 and 4, which lie 300 m 
and 350 m respectively from the northern edge of the lake. Other traps differ little in 
their total catch rates. Two odd results come up: Eucalyptus _ _pollen accumulation rates are 
high in the trap at Site 1, which is furthest from any Eucalyptus trees of any trap; and 
Chenopodiaceae do not peak in the trap at Site 1, despite its proximity to chenopod 
shrublands on Folly Point. In percentage terms, these variations are evened out (Fig. 5.15), 
although variability between catches in successive seasons from each trap is high and 
when plots are adorned with a mean plus or minus 1 standard deviation, overlaps between 
traps are considerable. Thus suggests differences are not of great statistical importance. 
Eucalyptus percentages are high at trap 1, paralleling the accumulation rates for this 
pollen type. Percentages of Poaceae pollen are highest in the two central traps on transect 
1 (traps 2 and 5), but Chenopodiaceae show no clear preferences. Asteraceae pollen 
percentages are slightly higher at each end of the transect. When data are plotted plus 
and minus 1 standard deviation, there is considerable overlap between traps but a 
correlation coefficient of - 0.65 (pollen percentage versus distance from shore) is 
statistically significant at 95 percent, suggesting the higher catches from these end 
member traps contain a local daisy element. 
Patterns of catches along transect 2, which runs from east to west from Folly Point are 
similar to those seen on transect 1. Poaceae pollen percentages are highest in the trap at 
site 7 which was set close to the centre of the lake between Piezo Point and the western 
shoreline, paralleling the high values from traps 2 and 5, and contributing to a significant 
correlation of 0.88 between pollen percentages and distance from the nearest shore. No 
other taxon shows systematic changes in percentage representation along the transect. 
Maximum pollen accumulation rates for total pollen and for major taxa (excepting 
Chenopodiaceae) occur in the Site 7 trap in both seasons that this trap was operational -
the result was not due to an aberrant catch in one year. No significant correlations were 
detected between pollen accumulation rates and distance from the nearest shore, which I 
suppose is hardly surprising, considering the high standard deviations - most of which 
overlap in the plots - attached to the means illustrated. The relatively high percentages 
of grass pollen in traps placed in the centre of the lake suggest that the grasses are more 
strongly represented at ranges of around 1000 m than are the other major pollen types, at 
Lake Tyrrell at least. 
The two central traps, at sites 5 and 7, were duplicated by traps fitted with flat 
aluminium roofs (Plate 5.10) of a design used by Tauber (1965). These traps are intended to 
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FIG .5.16. Surface sample locations in the northern basin of Lake Tyrrell. 
Plate 5.11. Movement on salt lakes can be a problem. Immobilisation of the SLEADS Suzuki 
(seen here bogged at Lake Amadeus) by thin salt and soft mud made it necessary 
to collect many of the surface samples on foot. 
TABLE 5.14 Pollen percentages for major taxa in surface samples from Lake Tyrrell 
Sample Callitris Casuarinaceae Eucalyptus Chenopodi- Asteraceae Poaceae 
Number aceae (Tubulif.) 
1 7 .51 9.32 9.32 36.01 8.80 18.65 
2 10.67 5.87 11.20 21.53 8.89 34.51 
3 8.73 6.66 9.65 26.43 17.47 20.45 
4 12.47 3.91 9.30 13.95 9.93 64.71 
5 6.53 6.22 10.41 24.72 11.04 32.81 
6 11.97 7.29 13.02 20.05 11.71 30.46 
7 6.47 3.85 7.85 26.04 10.32 35.43 
8 4.50 4.37 9.97 25.06 12.4 33.57 
9 2.85 3.11 7.53 25.84 I 0.51 44.28 
10 3.68 6.42 10.79 26.36 15.30 28.14 
11 3.83 7.50 12.04 21.81 15.00 34.90 
12 6.67 4.53 9.94 18.38 12.46 39.92 
13 2.97 6.38 6.98 16.19 9.95 51.41 
14 1.88 3.40 11.63 21.26 6.58 47.35 
15 6.59 4.48 7.35 16.42 10.60 48.80 
16 2.47 5.86 7.69 25.81 16.29 35.20 
17 2.29 6.27 10.56 29 .24 13.62 30.62 
18 2.17 1.95 18.47 26.73 27.17 17 .82 
19 1.03 4.33 8.88 51.44 13.63 14.87 
20 2.66 3.84 7.54 30.62 10.79 39.64 
21 0.91 3.47 13.89 29.43 22.48 24.68 
22 1.48 3.70 6.66 57.40 13.58 15.92 
23 2.56 4.19 11.65 36.94 13.62 26.80 
24 6.51 4.83 7.86 24.04 9.88 41.34 
25 7.09 5.28 5.40 23 .3 1 6.37 46.87 
26 3.59 2.26 15. 71 46.20 16.77 10.78 
27 2.08 4.73 11. 74 33.90 16.28 25.56 
28 2.97 5.45 7.60 37.68 11.90 27 .27 
29 2.24 4.31 8.35 33.24 13 .11 33.78 
30 2.41 3.14 7.73 42.68 12.69 27.32 
(Pollen sum total native pollen) 
TABLE 5.15 
Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Pollen concentrations (grains/ cm3) in surface samples from Lake Tyrrell 
(major taxa) 
Cal/itris Casuarinaccac Eucalyptus Chenopodiaceae Asteraceac Poaceac 
2320 3120 2880 1120 2720 5760 
720 396 756 1452 600 2328 
456 348 504 1380 912 1068 
1452 444 1056 1584 1128 5076 
840 800 1340 3180 1420 4220 
1104 672 1200 1848 1080 2808 
504 300 612 2028 804 2760 
444 432 984 2472 1224 3312 
352 384 928 3184 1296 5456 
1620 2820 4740 11580 6720 12360 
528 1032 1656 4000 2064 4800 
1272 864 1896 3504 2376 7608 
640 1376 1504 3488 2144 11072 
512 928 3168 5792 1792 12896 
2208 1504 2464 5504 3552 16352 
912 2160 2832 9504 6000 12960 
720 1968 3312 9168 4272 9600 
800 720 6800 9840 10000 6560 
200 840 1720 9960 2640 2880 
1080 1560 3060 12420 4380 16080 
300 1140 4560 9660 7380 8100 
720 1800 3240 27900 6600 7740 
13420 2160 6000 19020 7020 13800 
2320 1720 2800 8560 3520 14720 
2360 1760 1800 7760 2120 15600 
540 340 2360 6940 2520 1620 
660 1500 3720 10740 5160 8100 
1080 1980 2766 13680 4320 9900 
300 576 1116 4440 1752 4512 
1200 1560 3840 21180 13560 660 
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identify the rain-out component of the pollen rain. Covered pollen traps could be expected 
to collect less pollen than uncovered traps, as the uncovered trap is free to sample rained 
out pollen as well as that falling under the influence of gravity, carried in by winds, or 
separated from the carcasses of expiring insects. Table 5. 16 lists pollen accumulation rates 
and percentages for each collection from the covered and uncovered trap pairs, and also 
the accumulations and percentages for each trap averaged over the whole period of 
trapping. 
Results from traps at site 7 suggest a strong rainout component of the pollen rain exists. 
Accumulation rates of major pollen types in the uncovered trap are consistently and 
substantially higher than those in the adjacent covered trap. In the 12 months between 
November 1980 and November 1981, catches in the covered trap amount to between 0.6 
percent (Eucalyptus ) and 47 percent (Callitris , Asteraceae) of catches from the adjacent 
covered pollen trap. The higher aggregate catch rates carry through into seasonal 
collections, although the amount of pollen caught varies considerably in each of the 
collections. 
Aggregate percentages of major pollen types (excepting Eucalyptus ) in each of the traps at 
Site 7 are remarkably similar, and would be consistent with a non-selective depositional 
mechanism, such as rain-out. Eucalyptus values may be skewed by insect borne 
contributions. Other pollen types are primarily wind dispersed. 
Results from the pollen traps at site 5 contradict those already described from Site 7. 
Catches from the covered trap are consistently and substantially greater than those in the 
uncovered pollen trap (Table 5.16). Several mechanisms for achieving this result are 
available but none is particularly convincing. The roofed pollen trap provides a small 
oasis of shade and humidity which insects find attractive, however wind blown pollen, 
such as Poaceae or Callitris conform to the general pattern and reduce the likelihood of 
insect effects being of great importance. Micro-meteorological factors influenced by the 
trap roof may have funnelled pollen preferentially into the covered trap but a similar 
argument would have to be rejected at Site 7 where catches in the covered trap are lower 
than in the uncovered trap. A final possibility which cannot be definitely excluded is 
that of persistently mis-labelled collections from the traps at Site 5. The very consistency 
of results from the traps argues against occasional mis-labelling and a degree of personal 
pride makes it difficult to accept the possibility of continual error. 
In short, the conflict between results from Site 5 and 7 is the least satisfying of possible 
outcomes. Had catches been erratic, a case could have been made for a minimal rainout 
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component occurring at Lake Tyrrell, especially given the low annual rainfall and a mean 
of 45 rain days per year at Nandaly, a small township just to the west of Site 7. On the 
other hand, results from Site 7, if taken in isolation, could have been used to illustrate the 
importance of a rain out component, even under a semi-arid climatic regime. As it stands, 
however, no such arguments can be advanced, and the experiment was a bit of a flop. 
Nonetheless, the risks of placing too much weight on a single trap are brought painfully 
to the fore. 
5.5. 3 Comparisons between pollen trap catches and surface samples 
The question now arises as to how far pollen trap catches reflect the pollen assemblages 
which actually accumulate in the lake sediments. The lack of a detailed chronology in 
the upper centimetre makes it impossible to assess comparative rates of pollen 
accumulation in traps and sediments, so percentage data will have to suffice. The presence 
of a thick, almost armoured, salt crust at Site 6 prevented collection of a surface sample 
from beneath that trap. Percentages of pollen recovered from surface samples and pollen 
traps are presented in Table 5.17. 
Initial impressions gleaned from comparison of pollen trap catches with pollen 
assemblages contained in surface samples from directly below the traps are quite 
favourable. Major differences are found in percentages of Chenopodiaceae, which are 
highest in sediment samples, and exotic pollen, which are highest in the trap catches 
(thanks largely to massed catches of Brassica tournfortii , but still exotic catches are 
higher, at about 10 percent, when Brassica is removed from the exotic total). 
The general impression of similarity between trap and surface sample assemblages is 
heightened when a t-test is used to compare means of trap catches with means from 
surface samples directly below the traps. Differences between the means which are 
significant at the 95 percent level are found for both Chenopodiaceae and exotic pollen, 
with Casuarinaceae approaching significance when trap catches are compared with 
average percentages from all the surface samples (Table 5.18 ). The marked difference 
between exotic catches and the exotic component of surface pollen spectra is clearly a 
function of an extreme catch of Brassica tournfortii pollen and is not necessarily typical of 
the relationship between exotic pollen input to the lake and pollen export from the 
surrounding exotic flora. I did not bother to abstract B. tournfortii from the exotic total for 
further analysis at this stage. 
The case posed by the Chenopodiaceae is perhaps more revealing. Percentages of 
Chenopodiaceae pollen in surface samples are higher than seasonal catches in all traps 
TABLE 5.16 Comparison of pollen catches in adjacent roofed and unroofed pollen traps 
SEASONAL CATCHES COMBINED CATCHES 
FOR EACH TRAP 
SITE 7 SITE S 
Site 7 Site 7 Site 5 Site 5 
Roofed Roofed Roofed Roofed Roofed Roofed Roofed 
May 81 May 81 Nov 81 Nov 81 Nov 80 Nov 80 May 81 May 81 Nov 81 Nov 81 
POLLEN ACCUMULATION RATES 
Cailitris 97.9 13 .7 660.8 434.6 11.5 67.5 29.37 86 .1 19.6 757.7 758.7 358.9 30.2 607.6 
Casuarinacea1 74.4 19.6 167.4 39. l 35.7 52.9 26.4 11.7 7.8 158.6 249.8 79.6 38.2 148.8 
Eucalyptus 391.6 123.3 969.2 97.9 47.0 232.0 253.5 426.8 30.3 220.2 1360.7 9.1 180.5 586.1 
Cheno- 160.5 56.8 167.4 66.5 168.4 185.0 78.3 223.2 84.2 281.9 327.9 126.1 174.1 460. 1 
podiaceae 
Asteraceae 90.1 47.0 854.6 148.8 168.4 l 074.9 36.2 211.4 36.2 493.4 944.7 450.3 125.3 1186.5 
(fubuliflora 
Poaceae 2357.3 830.1 3022.0 1617 .2 125.3 302.5 485.5 1108.2 230.0 4123.3 5379.3 1892.6 427.5 3689.3 
PERCENTAGES OF TOTAL NATIVE POLLEN 
Cailitris 2.8 1.1 8.6 16.5 0.68 1.2 2.8 2.5 4 .3 11.3 8.1 9.6 2.7 7.7 
Casuarinacea1 2.1 1.6 2.2 1.5 2.0 0.97 2.6 0.48 1.7 2.4 2.6 2.1 3.5 1.9 
Eucalyptus 11.2 10.2 12.7 3 .7 2.7 4.4 24.7 17 .3 6.6 3.3 14.5 67.95 16.5 7.4 
Che no- 4.6 4.7 2.2 2.5 9.7 3.4 7.6 9.0 18.4 4.2 3.5 3.4 15.9 5.9 
podiaceae 
Asteraceae 2.6 3.9 11.2 5.6 9.7 19.6 3.5 8.6 7.9 7.8 10.0 12.1 11.5 15 .1 
(f ubuliflora 
Poaceae 67.8 68.8 39.6 61.3 7.2 5.5 47.4 44 .9 50.4 61.6 57 .2 50.9 39.2 47 .1 
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other than Pup Lagoon (May 1981 = 39.59 percent; Nov 1981 = 50.22 percent) and Tyrrell 
East (May 1980 = 41.7 percent; May 1981 = 30.62 percent) which lies in the midst of 
extensive Chenopod shrublands on the eastern side of the lake. The overall average catch 
at Tyrrell East is almost identical to the percentage in surface samples (29.29 percent 
versus 30.77 percent) but are still higher in the trap on Pup Lagoon (44.95 percent). It 
seems likely that the Chenopodiaceae pollen do not disperse as widely in the air as 
might be expected and that the majority of pollen reaching the lake surface arrive by 
transport across the ground surface. The topography on the eastern side of the lake 
favours surface transport of pollen (and sediment), as the substrate is day rich, slopes are 
consistent af'\d vegetation open, all of which contribute to a higher runoff coefficient than 
does the flat, permeable sandy terrain surrounding the rest of the lake. The comparative 
importance of erosion by surface water can be seen in the gully systems which are 
beginning to develop on the Junette, although water only reaches the lake after periods of 
intense, prolonged rainfall (Telleret al 1982). 
The overall similarity between pollen spectra from traps and surface samples suggests 
that the traps and the lake are sampling much the same population of primarily airborne 
pollen. In this respect, results from Lake Tyrrell differ from those obtained from analyses 
of modes of pollen transfer to lakes in more humid areas (Peck 1973, Bonny 1976) where an 
estimated 90 to 97 percent of incoming pollen are carried by water, with differences in the 
composition of airborne and waterborne components also being noted. In Australia, Head 
and Stuart (1980) emphasise the role of stream flow in contributing pollen to Lake 
Hordem, while Clark and Wasson (1986) identified an important riverborne component to 
pollen floras in Burrinjuck Dam under a somewhat drier regime than prevails in the other 
sites mentioned but where major river systems feed the impoundment. 
Although surface wash of pollen does not materially affect representation of most taxa 
found in the uppennost sediments of Lake Tyrrell, transport and re-deposition of airborne 
pollen stored temporarily on soils in the lake catchment may bolster pollen accumulation 
rates following episodes of runoff to the lake bed. Though not in a position to adequately 
test this proposition, several lines of argument can be advanced to suggest that secondary 
mobilisation of pollen is not a significant part of the lake pollen budget. 
The immediate catchment (including the islands) capable of contributing pollen to the 
lake is about half that of the lake surface area (Teller et al 1982 ), potentially allowing 
an additional pollen load equivalent to half the airborne input to reach the lake, 
provided the transport efficiency is 100 percent. This is not likely to be the case however, 
particularly as water only flows to the lakes from the local catchment in exceptional 
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circumstances. I have no information about the soil store of pollen on the lunette, but given 
the dry, well aerated nature of the soil and rapid destruction of fallen fence posts and 
other organic matter, it is not likely to be great. The rare events which do move water to 
the lake are thus likely to carry a comparatively small load of pollen from distant 
sources when compared with the large amounts of pollen generated on a continuous basis by 
resident chenopod shrubs. 
A second, and equally speculative, line of argument is based on the assumption that pollen 
accumulation rates in the traps bear some relation to rates of pollen accumulation in the 
sediments. If the time taken to accumulate the surface sample can be estimated and 
applied to pollen concentrations in the sediment, some comparison can be made with 
accumulation rates recorded from the pollen traps (Table 5.19 ). In calculating the data 
for this table I have assumed an average rate of sedimentation of about 70 years per 
centimetre, based on the limited radiocarbon chronology available from the upper 
sediments, with confirmation provided by identifying the level containing first 
palynological evidence of European impact on the surrounding vegetation (see later for 
14c chronology and pollen diagrams). 
Results outlined in Table 5.19 show that in all cases, aerial accession is quite capable of 
accounting for the pollen concentrations found in surface samples without resort to 
significant enrichment by secondarily transported pollen from the catchment. Indeed, 
some net destruction of pollen is implied by the relatively short periods of airborne input 
required to match observed concentrations of pollen. 
Tyrrell Creek is a further possible source of pollen. Vegetation near the creek mouth 
reflects the highly saline environment near the lake, with vegetation dominated by 
halophytes such as Arthrocnemum and Pachycornia as well as the salt tolerant 
Melaleuca halmaturorum . Further upstream, Eucalyptus camaldulensis and E. 
largiflorens line the creek banks, with Muehlenbeckia cunninghamii common in the bed. 
Pollen from the riparian Eucalypts can't be adequately distinguished from those of 
mallee and box forms, but M. cunninghamii is quite distinctive and a reasonable indicator 
type. Again, Table 5. 19 indicates that aerial accession could account for observed 
concentrations of M. cunninghamii pollen in surface samples. This result is not overly 
surprising, as Tyrrell Creek only flows every couple of years (Bowler et al 1982), and 
enters the lake 23 km south of the study area. The probability that significant amounts of 
pollen in the surface samples came down Tyrrell Creek is slight. 
5.5.4 Isopollen maps and pollen dynamics 
TABLE 5.17 Comparative percentages of selected taxa in pollen traps and surface samples from immediately below the trap 
PERCENT NATIVE POLLEN 
Callitris C asuarinaceae Eucalyptus Chenopodiaceae Poaceae Asteraceae Disphyma Exotic 
ITubuliflorae) Pollen 
Site 1 Tran 3.51 1.70 34.54 11.48 12.33 22.44 3.27 19.75 
Surface 3.94 3.13 8.94 30.19 29.96 15.91 0.11 3.83 
Site 2 Tran 13.95 'i.01 11.03 10.95 38.43 10.67 046 8.18 
Surface 6.42 19.49 11.98 14.39 32.46 14.37 0.43 3.70 
Site 3 Tran 3.66 1.04 4.22 15.96 23.31 18.30 8.66 63.63 
Surface 6.05 4.93 8.91 30.73 35.66 7.00 0.15 3.82 
Site 4 Tran 4.76 1.54 9.71 7.31 16.26 2651 8.46 9 1.92 
Surface 2.85 3.06 3.46 41.63 24.48 16.73 0 .20 4.69 
Site 5 Tran 276 3.49 16.54 15.95 39.18 11.48 1.24 51.58 
Surface 24.36 5.24 14.02 16.14 19.40 11.35 0 1.98 
Site 6 Trap 
Surface NO SURFACE SAMPLES COLLECTED 
Site 7 Tran R.07 2.57 14.47 3.48 57.22 10.04 0.37 18.20 
Surface 4.62 8.09 9.24 23.69 26.78 ] 8.30 0.19 4.64 
Site 8 Tran 14.39 2.34 11 13 10.91 46.64 8.68 0.29 7.22 
Surface 14.32 4.31 7.55 20.33 35.90 11.24 0.15 4.31 
Tyrrell East Tran 1.60 2.84 4.59 29.29 25.06 28.24 112 I\ 1\5 
Surface 4.17 2.38 7.75 51.49 18.29 11.53 0 3.77 
Tyrrell West Tran 7.99 2.88 10.30 8.71 12.71 16.75 0.77 10.33 
Surface 2.82 4.87 13.58 24.35 24.61 20.76 0 3.84 
TABLE 5.18 Results of T-tests on pollen percentages for selected taxa in pollen traps 
and in surface samples from below the traps. 
Mean Standard T-value Degrees 2-tailed 
Tax on Deviation of probabi-
Freedom lity 
Trap 6.297 4.689 
Callitris - 0.30 18 0.770 
Surface 7.091 7.037 
Trap 2.49 4.68 
Casuarinaceae - 1.90 I 8 0.74 
Surface 5.68 7.03 
Trap 12.43 8.65 
Eucalyptus . 1.10 18 0 .286 
Surface 9.22 3.22 
Trap 15.9 12.34 
Chenopodiaceae - 0.37 18 0.007 
Surface 33.50 13.30 
Trap 30.14 15.41 
Poaceae 0.87 18 0.394 
Surface 25 . 11 9.71 
Trap 17 .17 6.98 
Asteraceae 0.49 18 0.628 
(fubuliflorae) 
Surface 15.70 6 .38 
Trap 30.27 29.10 
Exotic pollen 2.91 18 0.009 
Surface 3.45 1.42 
Significant where p<0.05 
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The final strand in this gorgon's knot of modern pollen investigations at Lake Tyrrell is 
examination of the distribution of pollen across the surface of the lake, and analysis of 
factors which determine those distributions. Two approaches have been adopted. In the 
first, distributions of pollen percentages and concentrations have been mapped as iso-
pollen contours (isopols) joining points of equal pollen representation. Isopol maps have 
been used to explore geographical variations in vegetation and pollen deposition at a 
regional scale (eg Birks, Webb and Berti 1975, Davis and Webb 1975, Webb and Yeraca1is 
1981), and more rarely in large lakes. Isopols at Lake Tyrrell were generated using a 
computer program written by Simon Wild and modified by John Burton, both of the 
Department of Biogeography and Geomorphology, Australian National University. The 
program interpolates a gradient between data points, establishes a grid and generates 
contours at pre-determined intervals. 
The second approach employes the radioactive fall out isotope Caesium-137 (137-Cs) as a 
sediment tracer, allowing the interplay between sedimentary processes and pollen 
dispersal across the lake bed to be followed in some detail. 
In keeping with practice adopted throughout this chapter, I have limited the range of 
pollen types mapped in surface samples to the major types, on the assumption that these 
taxa will be abundant enough to minimise the effects of random variety. Isopollen maps 
form Figures 5.19 and 5.20. The lack of a chronological framework suitable for use in 
calculating sedimentation rates applicable to wide areas of the lake prevents any 
attempt at generating isopol maps based on pollen accumulation rates. As a result, the 
maps show pollen concentrations (grain/ cm3) and percentages. 
Maps of pollen concentrations on the bed of Lake Tyrrell have a number of features in 
common. These features can be conveniently illustrated by referring to the map of 
concentrations of total pollen in surface samples (Fig. 5.19 ). Lowest pollen concentrations 
occur along the southern most boundary of the study area, and generally rise to the 
northeast. The highest concentrations occur midway along an axis drawn northwest from 
Folly Point towards the western shore. Likewise, high pollen concentrations are found in 
the embayment immediately east and southeast of the tip of Folly Point, and at points 
along the eastern shoreline. This general pattern holds to varying degrees for Callitris, 
Casuarinaceae, Eucalyptus, Asteraceae and Poaceae pollen, as well as for total exotic 
pollen, but is somewhat different for Chenopodiaceae, which show effects of the strong 
local pollen source along the eastern lake shore. 
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Maps featuring pollen percentages show a greater diversity of pattern than do maps of 
concentrations. Highest percentages for both Callitris and Casuarinaceae occur in the 
south and southwest of the study area, where concentrations for all taxa are lowest. 
Percentages for Eucalyptus are also relatively high in this area, but the very highest 
values are found in the northeast, far from the Eucalyptus dominated fringe vegetation 
around the western and northern lake shore. 
Percentages for Chenopodiaceae pollen are heavily biased towards the eastern side of 
the lake, near the local pollen source. Gradients away from the eastern side are steady, 
with values of about 10 percent occurring towards the western shoreline. The pattern in 
Chenopodiaceae pollen is similar to that of the Asteraceae, which also reach their 
strongest representation along the eastern side of the lake in sympathy with local pollen 
sources among the lunette vegetation. 
Poaceae pollen percentages by contrast, are highest along the western lake shore, with 
the lowest values seen along the eastern shore. Low values along the eastern side of the 
lake may be affected by the high Chenopodiaceae percentages in that area, but the area 
of low percentages mid way between Piezo Point and the western edge of the lake cannot 
be explained solely by local over representation of other pollen types. A zone of 
relatively high grass percentage lurks in the embayment east of Folly Point, just south of 
the major occurrences of Chenopodiaceae pollen. Exotic pollen percentages are low and 
patterns of their distribution of doubtful] worth. They will not be considered further. 
Unfortunately the pollen traps were not ideally placed to assess the role of airborne 
accession in determining pollen distributions in the surface sample array, but there is 
little in Fig. 5.17 and Fig. 5.18 to suggest that aerial inputs have had much impact. Pollen 
percentages typically show minimal systematic variation along the trap transects, 
whereas percentages in the surface samples vary considerably. Similarly, the highest 
rates of pollen accumulation in traps of transect 2 (Site 7) coincide with the area of lowest 
overall pollen concentration in surface samples. 
Given that the pollen traps only operated for 18 months or so it would be imprudent to 
entirely discount a role for airborne pollen in determining the distribution patterns of 
pollen on the lake surface but on balance, the data seem to point in other directions which 
become clearer when the nature of the lake surface is considered in detail. 
Lake surface characteristics 
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TABLE 5.19 Average pollen accumulation rates versus pollen concentrations in surface sediments 
TAXON 
Callitris Casuarinaceae Eucalyptus Chenopodiacea~ Asteraceae Poaceae Aquatics Typha Exotic 
(fubuliflorae) Pollen 
Mean accumula-
tion in traps 215 74 354 439 580 1093 6 4 1171 
(grains/cm2/yr) 
Mean pollen 
concentration 982 1241 2520 7729 3702 7690 50 37 1078 
No. years needed 
to account for 4.55 16.61 7 .10 17.58 6.38 7.03 7.71 9.00 0.92 
concentration 
Assumes sedimentation rate of 70 yr I cm (based on 14c, supported by depth to pre-European horizons in cores from Site 2). 
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Although the floor of Lake Tyrrell appears to be perfectly flat, detailed topograhic 
surveys (10 cm resolution) carried out by the State Rivers and Water Supply Commission 
of Victoria demonstrate an overall relief of up to 70 cm in the northern part of the lake 
(Fig. 5.21, provided by courtesy of P.G. Macumber, Mines Dept of Victoria). There is a 
general tilt of the lake bed to the south and west, focusing on a marked depression in the 
narrow gap between the southern end of Piezo Point and the western shoreline. A second 
shallow depression lies east of Folly Point, though even here the floor lies some 10-20 cm 
higher than in the western hollow. 
The interaction between elevation of the lake floor and local groundwater effectively 
determines the characteristics of the lake bed (Macumber 1983). Low lying areas in the 
south of the study area are characterised by a thick and persistent salt crust which can be 
nourished and sustained by a constant supply of salt saturated ground water. The crust in 
these low lying areas probably survives all but the most extreme flood events under the 
modem hydrological regime. Higher areas support a thinner crust which is vulnerable to 
removal by rainfall and fluctuations in the local watertable on a diurnal and seasonal 
basis, as well as in sympathy with the progression of high and low pressure cells across 
the lake (Macumber 1983). Superimposed on these general constraints is a more random 
element introduced by deposition of salt carried by wind blown brine bodies which 
migrate across the lake floor before evaporating or percolating into non-saturated 
sediments (Teller et al 1982, Torgersen 1984). Salt plumes left by migrating brine bodies 
are a characteristic feature of the lake surface (Fig. 5.22). Bodies of brine undersaturated 
with respect to halite can also completely remove thin salt crusts (Plates 5.12, 5.13), 
while evaporative concentration of waters in the capillary fringe often results in a thin 
efflorescent encrustation, rather than a fully fledged crust on the highest areas of the 
lake bed. 
The underlying sediments also vary in character according to elevation (Fig. 5.23). 
Sections from the deepest parts of the basin are characterised by a thick salt crust, which 
often contains bands of elastic sediment indicative of episodes of partial solution and re-
crystallisation of the salt during flooding events. Gypsum laminae occasionally form 
within the halite crust as rain diluted brines re-concentrate by evaporation (Teller et al 
1982). The thick salt crusts often show signs of secondary alteration of halite structure 
causing crystals to interlock and cement the crust. Immediately beneath the salt is usually 
found a thin brown layer apparently made up of clay, silt and algal matter let down on to 
the sediment surface at times when the crust dissolved completely. 
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Cores from deep parts of the lake typically contain a well developed sulphide stained 
horizon formed by bacterial reduction of sulphate (as gypsum) in an anoxic environment 
(Teller et al, 1982; Macumber, 1983). The sulphide zone tends to migrate vertically as 
sediments accumulate (Teller et al 1982), leaving a dark clay which may contain 
variable amounts of discoidal gypsum precipitated from sulphate saturated interstitial 
brine. The dark clays generally grade into sediments packed with small discoidal gypsum 
crystals precipitated under the modem groundwater regime. 
Cores from higher areas feature a thinner salt crust and a greater degree of oxidation of 
the sediments. Most affected is the sulphide layer, which rapidly oxidises to murky 
brown on exposure to the air. The sulphide layer is thinner in higher parts of the basin. 
Fluctuations in local groundwater levels act to disrupt development of sulphide 
concentrations by de-activating the bacteria and by oxidising those sulphides which are 
formed (Teller et al 1982, Macumber 1983). Sulphides in cores from high areas may 
remain as discontinuous laminae or as discrete blobs within the sediment. They may also 
be lost entirely during dry summers (Teller et al 1982), and thus form poor stratigraphic 
markers. Sequences from high areas usually contain less gypsum in the upper most 
sediments than do sequences from deeper parts (compare Sites 2 and 7 Tyrrell East in Fig. 
5.23). They may also preserve some evidence of drying and cracking. 
The apparent tilting of the lake bed which contributes to geographical variations in 
sediment character may arise from a number of sources, among them neotectonic 
deformation of the bed, deflation of sediment surfaces or asymmetric sedimentation of 
elastic material washed or blown into the lake. 
Tectonics have played a significant part in the initiation of Lake Tyrrell (Macumber, 
1980, 1983), but although the western edge of the lake lies relatively close to the down 
thrown limb of the Tyrrell Warp (Macumber 1983), stratigraphic investigations of the 
Tyrrell Beds (Bowler and Teller 1986) provide no indication of significant tectonic 
deformation having occurred during the last 700,000 years or so. 
Deflation of the dry lake floor has been an integral part of depositional environments 
represented by the Tyrre11 Beds. Core sequences record erosional disconformities and 
palaeosols in the lake bed (Bowler and Teller 1986), while the lunettes and islands 
provide a more graphic illustration of the importance of aeolian processes in moulding 
lake form. Evidence from many sites in southeastern Australia suggests that the greater 
part of this aeolian activity had ended by about 15,000 BP (Bowler 1976, 1978). 
Subsequent episodes appear to have been of only local importance (eg Greenwood 1982). 
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FIG.5.22. Distribution of salt plumes on the surface of Lake Tyrrell 
in the summer of 1968. Traced from aerial photographs 
supplied by Victorian Department of Lands and Survey. 
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Plate 5.12. Thin salt crust at the northern side of Folly Point. 
Plate 5.13. Same site following passage of a brine body. The salt surface was completely 
removed. 
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FIG.5.23. Effects of lake bed elevation on salt crust thickness and degree of oxidation of surface sediments in the northern 
·basin of Lake Tyrrell. 
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Pelletisation and deflation of clays from the floor of Pup Lagoon, a small subsidiary basin 
east of the main lake represents the last gasp of aeolian activity at Lake Tyrrell. In the 
main basin, high groundwater levels confine pellet formation to a narrow corridor along 
the eastern lake shore, and protect the lake bed from more general aeolian erosion (Teller 
et al 1982). In deeper areas the salt crust forms an additional barrier against deflation. 
Asymmetrical sedimentation is a common feature of deposition in lacustrine systems, 
whether as a result of delta formation (Hakanson and Jansson 1983), sediment focusing 
(Likens and Davis 1975), slumping and other forms of mass movement (Hakanson 1977), 
bank retreat (Dearing and Foster 1986), winnowing during littoral drift (Hakanson and 
Jansson 1983), or even changes in depocentre related to changing basin morphology as 
sedimentation progresses (Likens and Davis 1975, Lehman 1975, Davis and Ford 1982). 
Although characteristics of a lake such as Lake Tyrrell differ markedly from those of the 
permanently wet lakes used in studies cited above, investigation of the distribution of 
caesium-137 in surficial sediments suggests that differential sedimentation accounts for 
most of the relief on the lake bed. Results of Cs-137 work at Lake Tyrrell have been 
published previously (Longmore et al 1986a, 1986b), so I will only summarise the work 
here, and refine some of the interpretations already advanced. 
Caesium-137 and sediment accumulation 
Caesium-137 is a radioactive fallout isotope which has become a feature of the global 
environment since the first tests of high yielding nuclear weapons in late 1952 (Gibbs et al 
1965, Moroney 1979,Longmore et al 1986a). Caesium-137 is injected into the stratosphere 
attached to fine particulate matter and is carried into the troposphere at mid and polar 
latitudes. It is eventually carried to earth, principally by snowfall or rain (Welford and 
Collins 1960). The tendency of 137-Cs to adsorb strongly to sedimentary particles 
(McHenry et al 1973), and particularly to the clay fraction (Tamura and Jacobs 1960, 
Aston and Duursma 1973) causes the isotope to concentrate in the upper layers of soil 
profiles (eg McHenry et al 1973,Ritchie et al 1974, McCallan et al 1980), and to remain 
adsorbed during transport of particles to sites of sedimentary accumulation. Caesium-137 
entering waterbodies rapidly adsorbs to suspended sediment and is carried to the lake bed 
(McHenry et al 1973). Lake sediments also contain a 137-Cs component derived from 
material washed from soils in the catchment. 
Temporal variations in 137-Cs fallout mirror the intensity of atomic testing. Hence 137-Cs 
was first generally detectable in 1954. Fallout levels increased steadily until a 
moratorium on testing of nuclear weapons came into effect in 1958. The interval between 
1958 and 1961 saw a decrease in fallout but the resumption and intensification of testing 
after 1961 again boosted fallout levels. Testing reached a peak in 1963, when the nuclear 
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Test Ban Treaty finally forced further testing to be carried out underground. Since then, 
fallout levels decreased in both hemispheres but levels in the southern hemisphere 
responded to French atmospheric tests carried out in the South Pacific during 1971. 
Subsequent French and Chinese tests have had little effect on the general decrease in 137-
Cs fallout after 1971 (Longmore, 1982). 
The strong temporal variability of fallout and the tendency of the isotope to adsorb 
strongly to sedimentary particles gives 137-Cs the potential to be a useful chronological 
tool. Caesium-137 profiles from northern hemisphere lake sediments have been used to 
identify post-bomb sedimentation (Pennington et al 1973, Ritchie et al 1973, Robbins and 
Edgington 1975, Jaak ola et al 1981) and ,more ambitiously, to pin point levels 
equivalent to the mid 1950s (first appearance of 137-Cs) and 1963 (137-Cs fallout peak). In 
the southern hemisphere, fallout levels are less than one tenth those seen in the north 
and resolution is considerably reduced - only the first appearance of 137-Cs could be 
sensibly used, and then only in ideal sites (Longmore 1982; Longmore et al 1986a). 
Lake Tyrrell is not an ideal site, as competition between Na+ and 137-Cs for adsorbtion 
sites in the clay lattice contributes to the low distribution coefficient determined by 
Longmore et al (1986a). Discrepancies between the depth of first 137-Cs occurrence in 
sediment profiles and radiocarbon ages, along with results of modelling of 137-Cs cycling 
in a salt saturated environment led Longmore et al (l 986a) to conclude that vertical 
diffusion was occurring in the uppermost sediments of Lake Tyrrell and that a 137-Cs 
chronology was of no help in locating areas of post-bomb sedimentation in the lake. 
Fortunately an alternative approach is available. As 137-Cs is redistributed across soil 
surfaces in association with sedimentary particles (Brisbin et al 1974), the integrated 
vertical activity p rofile of 137-Cs (corrected for radioactive decay) from a soil or 
sediment column should reflect the balance between erosion and deposition on the site 
since the mid 1950s. Areas suffering nett erosion exhibit areal concentrations lower than 
measured as estimated airborne input to the site. Conversely, sites of nett accumulation 
show higher areal concentrations (Ritchie et al 1974; Longmore et al 1983, Longmore et al 
1986b). 
Aerial inputs at Lake Tyrrell were estimated by measurement of samples from three pits 
dug on a stable dune crest in the Hogan State Forest about five km north of the lake. The 
average integrated activity of 770 ± 29 m Gqkm2 (SD= 59.5) measured in the Hogan State 
Forest compares well with the fallout figures for Adelaide (657.86 m Gqkm2), but the 
local figure was adopted by Longmore et al (1986a, b). 
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Measurements of 137-Cs specific activity in samples from two pits dug on the lake floor 
showed that despite the effects of diffusion, virtually all of the 137-Cs remains in the 
upper 20 cm of sediment (Longmore et al , 1986a, b). Accordingly, each sediment sample 
taken from a pollen surface sample site comprised a 20 cm cylinder of sediment which was 
dried, crushed and measured in bulk. Samples from salt crusts gave non significant count 
rates, and salt crystals were carefully removed from the top of each short core to avoid 
unnecessary dilution of 137-Cs activity. 
Caesium 137 areal concentrations above estimated fallout occur in the north and 
northeastern part of the study areas (Fig. 5.21), with highest values occurring just south of 
Palaeomag Bay, at the Tyrrell East trap site and in the pocket between Folly Point and 
the eastern shoreline. Areal concentrations lower than the calculated fallout are found at 
the southern end of the study area, especially in central parts of the basin where salt 
crusts are thick and persistent. 
The apparent relationship between salt and 137-Cs is strengthened by a correlation of -
0.859 (p<0.001) between 137-Cs areal concentration and thickness of salt crust (Table 5.20). 
The negative correlation could be produced in a number of ways, the most obvious of which 
are: (1) presence of a 137-Cs sink in the salt crust; (2) dilution of 137-Cs concentrations in 
depleted areas by rapid accumulation of material derived from pre-1950s sediment sources 
and (3) preferential deposition of 137-Cs labelled sediments in those parts of the basin 
where areal concentration exceeds fallout. 
The 137-Cs sink hypothesis must be discarded, as 137-Cs concentrations in the salt crust 
are not generally detectable (Longmore et al, 1986). Dilution of 137-Cs concentration by 
non-labelled sediment must also be discarded. Gully systems on the north and east sides of 
the lake have incised deeply into Pleistocene lunette sediments (Macumber 1983, Bowler 
and Teller 1986) and spread their outwash as fans encroaching on the lake floor. While 
some dilution is apparent , areal concentrations remain twice the level seen in the most 
intensely depleted areas at the other end of the basin. We are thus left with the 
probability that the observed pattern of 137-Cs distribution really is a result of 
preferential deposition of sediments in the northern parts of the lake. 
The presence of well defined elastic bands in salt crusts (Plate 5.14) and the tendency of 
brine bodies to rove the lake floor provide clues as to what might be occurring. Flows of 
water into the lake result in differing amounts of salt crust resolution, depending largely 
upon the amount and initial salinity of the water which is involved. Areas of thin crust 
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are frequently laid bare by the passage of a brine body; areas of thick crust generally lose 
a smaller proportion of total thickness, but do occasionally dissolve entirely. At these 
times, elastic material (including pollen) brought in to the system by wind or water and 
trapped in the salt crust is potentially available for transport. 
Under the modem climatic regime about 45 percent of all winds blow from the south, 
southeast or southwest at velocities between 11 and 30 kph for more than 60 percent of the 
time. In the afternoons the westerly component strengthens and velocities increase, with 
winds in excess of 30 kph blowing for around 25 percent of the afternoons (Longmore et al 
1986b). These conditions favour a nett movement of brine (and any sediment it carries) 
from the south towards the north and northeast. 
When brine bodies evaporate on high areas of the lake bed, a thin salt crust forms. This 
crust survives for a comparatively short time under the combined impact of rainfall, dew 
and oscillating local water tables, which all contribute to the gradual resolution of the 
crust and percolation of salt into the underlying sediments. Clastic matter trapped in the 
crust is let down to the sediment surface, where it is held safe from deflation by the 
efflorescent salt film which tends to replace the crust. 
Where thick crusts exist the elastics settle out before the final crystallisation of salt and 
are trapped within the salt matrix unless the entire crust has been removed. These 
materials and the additional sediments arriving from flood events or as dust, are 
available for re-transport during subsequent episodes of salt crust solution. 
Such a mechanism could readily account for the 137-Cs depletion noted in areas of thick 
salt crust, as 137-Cs labelled sediments would, on average, be moved from impermanent 
storage in the salt crust to sites where it is more likely to enter the sediment column. The 
high areal activities found in the central part of the lake suggest that maximum 
deposition is currently occurring in areas of 'middle altitude' which are regularly 
inundated by wind blown brine but are high enough to allow crusts to re-dissolve and 
deposit their sediment load. This zone of maximum deposition has probably moved 
gradually from northeast to southwest over time in sympathy with accumulation of 
sediments in relation to the local water table. Although this pattern is accentuated by 
the predominance of southerly and westerly wind vectors, it should be emphasised that 
the mean transit of sediment from areas of thick salt would occur even if brine movements 
were entirely random. 
The final touch to this argument is the need to demonstrate that differential deposition 
across the lake bed makes a discernible impact on the stratigraphic record. At Lake 
Plate 5.14. A band of elastic sediment in salt from Site 7 on Lake Tyrrell. Note the massive 
interlocked 'old' crystals at the bottom of the salt crust. 
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Tyrrell, where the near surface stratigraphy is strongly influenced by proximity to the 
local water table, this is most satisfactorily achieved by comparing pollen spectra in 
cores taken from parts of the lake with high (core Site 2) and low (Site 7) 137-Cs areal 
activity. This approach has the advantages of using events occurring outside the basin for 
correlation, bypassing uncertainties associated with lateral fades variation, and 
avoiding the fruitless exercise of attempting to obtain adequate resolution in a 
radiocarbon chronology. 
The first indication of European impact on the surrounding vegetation is a rise in the 
percentages of pollen of introduced taxa (Fig. 5.24, Fig. 5.25). In the core from Site 2, the 
rise (above a background of native representatives of pollen morphological groups 
comprised predominantly of introduced species) takes place from a depth 3 centimetres, 
which by inference is the level marking the intensification of agricultural activities 
during the early 1880s AD. The equivalent horizon in Site 7 occurs at a depth of 1 
centimetre, suggesting that the rate of sediment accumulation at Site 2 is effectively 3 
times that at Site 7. The occurrence of high sedimentation rates on elevated areas of the 
lake bed sets Lake Tyrrell (and other lakes with a thick and enduring salt crust) apart 
from the general run of deep permanent lakes where wave action, density currents and 
other limnological processes promote deposition and preservation of sediments in the 
deeper parts of the lake (Birks and Birks 1980, HAkanson and Jansson1986). 
5. 5.5 Effects of sedimentation on patterns of pollen distribution 
The active redistribution of sediment across the floor of Lake Tyrrell has obvious 
implications for interpretation of pollen spectra accumulated under the modern 
depositional regime. Particular effects can be expected for pollen concentrations, which 
would likely be high in areas of rapid nett accumulation, especially as pollen grains are 
less dense than the inorganics labelled by 137-Cs and can be more readily transported 
about the place, even in very small bodies of brine. More importantly, the possibility that 
pollen may be transported differentially (eg Davis et al 1971, Davis and Brubaker 1973) 
is a factor potentially limiting the detail which can be reasonably gleaned from pollen 
diagrams. 
Isopol maps of pollen concentrations in surface samples (Fig. 5.19) give a reasonable 
overall perspective on the distribution of pollen on the lake bed - there is a general 
tendency for high concentrations to occur mid-lake, behind Folly Point and along the 
eastern shoreline. Comparison of the isocaes diagram (Fig. 5.21) with the isopol maps 
hints at a relationship of sorts between 137-Cs activity and most of the pollen types 
plotted. 
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The general trend towards high concentrations of pollen occurring with high 137-Cs 
activity (for taxa other than Callitris and Casuarinaceae ) is supported by Pearson's 
correlation coefficients (Table 5.20 ) which indicate that the pollen-137-Cs relationship 
is significant at the 95 percent level. 
Results broadly accord with the idea that pollen move across the lake bed in a sense 
similar to the sediments, probably as a result of the same processes of deposition and 
redistribution, mediated by the salt crust, which characterise dynamics of the inorganic 
system. The role of salt as a pollen reservoir is illustrated in Table 5.21, where pollen 
concentrations in 'new' and 'old' salt crusts are compared. 'New' salt crusts contain far 
fewer pollen than does the 'old' crust which has presumably been the repository of 
airborne pollen accession for a longer period. The 'old' crust did not contain any evidence of 
re-solution, and thus was probably not enriched by pollen carried by itinerant brine 
bodies. Pollen concentrations in the underlying sediment are substantially higher than in 
the salt crusts. 
TABLE 5.21 
Pollen Concentration (grainfcm3) in salt and sediment 
SITE SALT 
Folly Point 
Piezo Point 
Site 2 
6(New) 
104 (New) 
1286 (Old) 
SEDIMENT 
13,215 
21,660 
44,640 
The high pollen concentrations found in areas where sedimentation rates are high 
indicate that the nett accumulation of pollen from airborne and surface sources is sufficient 
to balance the higher rates of sediment accumulation, which would otherwise tend to 
dilute concentrations in comparison with those in areas of less rapid accumulation. 
Although this interpretation is dependent upon an absence of systematic spatial 
variations in the airborne pollen flux, I think it a reasonable assumption to make in view 
of the data from pollen trapping presented earlier. 
The analysis of surface pollen percentages in relation to 137-Cs activity provides an 
indication of the impact of pollen redistribution on the composition of pollen spectra in 
surface samples. In contrast to pollen concentration data, percentages for most of the pollen 
types tested do not correlate significantly with 137-Cs activity (Table 5.22). This may be 
taken to indicate that the proportions of pollen types within the pollen population do not 
alter materially during transit across the lake bed. 
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TABLE 5.20 Pearsons correlation coefficients between pollen concentrations for 
selected taxa in surface samples and areal activity of 137-CS. (~ ~ ~~i..) 
Atribute Correlation coefficient 
Salt thickness ' - 0.86 p = 0.000 
Total pollen concentration 0.58 p = 0.000 
Callilris 0.14 p = 0.215 
C asuarin aceae 0.30 p = 0.037 
Eucalyptus 0.45 p = 0.003 
Chenopodiaceac 0.47 p = 0.002 
Poaceae 0.54 p = 0.000 
Astcraceae 0.41 p = 0.007 
Exotics 0.46 p ::: 0.002 
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TABLES.22 
Correlation coefficients between pollen percentages and 137-Cs activity 
Callitris Casuarinaceae Exotics Eucalyptus Chenopods Poaceae 
--0.47 
P=0.004 
--037 
P=0.023 
--0.1250 
P=0.255 
0.14 
P=0226 
0.19 
P=0.149 
-0.016 
P=0.0157 
Asteraceae 
--0.04 
P=0.426 
Throughout this discussion of pollen dynamics on the surface of Lake Tyrrell pollen 
representations of both Callitris and Casuarinaceae have stood in considerable contrast 
with those of the other taxa included in analyses. Whereas concentrations for most taxa 
correlate positively with 137-Cs activity, correlations with Callitris and Casuarinaceae 
are non-significant. Where pollen percentages are tested,Callitris and Casuarinaceae 
correlate reasonably strongly with 137-Cs, unlike the other taxa which are non-
significant. 
These results can perhaps be best explained by the patterns of vegetation change which 
resulted from European landuse.The European phase of lake history is indicated by a rise 
in the percentages of exotic pollen, an abrupt decrease in percentages of Callitris and 
Casuarinaceae pollen, followed by decreasing Eucalyptus and eventually by an abrupt 
increase in the Poaceae. At Site 2, where 137-Cs activity is relatively high, these 
changes begin to occur at about 3 cm depth, so that horizons with low Callitris and 
Casuarinaceae values were collected in the surface samples. At Site 7 where the European 
phase occurs within the top 1 cm of sediment, higher values from pre-European sediments 
were incorporated into the surface samples, cancelling out the effects of clearing for fuel, 
fencing and building materials. The decrease in Eucalyptus occurs later, as dense mallee 
vegetation was avoided by farmers in preference to the more fertile soils occupied by 
Callitris and Allocasuarina . Clearing of the densest mallee scrubs around Lake Tyrrell 
was not completed until well into the late 1920's (Bate 1989). 
5.6 Summary 
The modem pollen studies undertaken in northwestern Victoria and adjacent parts of New 
South Wales provide a foundation for work on the fossil pollen record from Lake Tyrrell 
which forms the balance of this thesis. The desperate lack of undamaged native 
vegetation around Lake Tyrrell made it necessary to search for pollen trap sites 
throughout northwestern Victoria. The geographical spread of traps and the short 
trapping period must affect the reliability of results for some of the attributes measured, 
but others have a more general applicability. 
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Pollen trapping in vegetation communities around northwestern Victoria established that 
each produces a characteristic pollen spectrum. Pollen catches from mallee heath 
communities are characterised by a range of pollen types including Banksia , Cryptandra , 
Baeckea , B.behrii and Calytrix tetragona , all of which are restricted in occurrence and 
dispersal ability. 
Callitris dominated woodland is distinguished by a massive output of Callitris pollen 
which overwhelms all other pollen types. High percentages of Callitris pollen are also 
generated by mallee heaths, but the presence of heathland pollen types can be used to 
distinguish heath from Callitris woodland. Callitris pollen disperse freely in the 
atmosphere and make up approximately five percent of the regional pollen rain. 
A/locasuarina luehmannii trees in the patch of woodland studied did not flower during 
the trapping period so it is hard to assess the relative contributions Callitris and 
Casuarinaceae pollen would make to the overall composition of pollen spectra generated 
by this vegetation type. Casuarinaceae pollen account for about three percent of the 
regional pollen rain. 
Chenopod shrublands produce pollen spectra which are distinguished by huge catches of 
Chenopodiaceae pollen but also by the consistent presence of pollen from other 
halophytic plants, including Selenothamnus , Disphyma and Portulacaceae. Despite the 
amount of pollen produced, chenopod pollen only form about three percent of the regional 
pollen rain. 
Riverine forests found along the major drainage systems produce two distinctive pollen 
types ( Muehlenbeckia cunninghamii and Amyema spp ) which are found consistently in 
pollen trap catches . Pollen from Eucalyptus camaldulensis is recognisible and may 
provide a further guide to identification of these communities from their pollen spectra. 
Mallee communities are difficult to recognise on pollen analytical grounds. Pollen trap 
catches are dominated by Eucalyptus but may contain many other pollen types as well. 
None is an indicator taxon. Mallee pollen spectra can be separated from those produced by 
the eucalypt woodlands from moister areas by the occurrence of relatively high 
percentages of Chenopodiaceae pollen and low percentages of Poaceae ( background levels 
for Poaceae are between six and seven percent in northwestern Victoria) in trap catches. 
These differences in catch composition have regional significance, with the boundary 
between sub-humid woodlands ( Eucalyptus and Callitris dominated ) and semi-arid 
woodlands ( Eucalyptus and Acacia dominated ) approximately corresponding to the 400 
mm isohyet. Eucalyptus pollen comprise about five percent of the regional pollen rain. 
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No relationship could be convincingly demonstrated between rainfall and pollen 
production in the pollen trapping study undertaken. 
At Lake Tyrrell, pollen trapping suggests that most of the pollen reaching the lake 
surface is wind borne. There is no evidence of a significant water borne component in the 
pollen flux and Chenopodiaceae are the only pollen likely to wash into the lake from the 
lake surrounds. 
Once on the lake surface, pollen are subjected to rapid re-distribution and preferential 
deposition in areas marginal to the main body of stable salt crust. The location of areas of 
preferred deposition is controlled by local ground water conditions and will change as 
sediment accumulates in the lake. Redistribution of pollen has little impact on the 
percentages of individual taxa but will seriously affect any attempt to analyse "absolute" 
attributes of the pollen assemblage. The processes of pollen and sediment redistribution 
identified from Lake Tyrrell depend upon the presence of a persistent salt crust. Different 
conditions may well have prevailed in the past and it is essential that variations in 
sedimentary regime be considered when interpreting fossil pollen spectra recovered from 
salt lakes. 
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CHAPTER6 
Stratigraphy. Chronology and Palaeohydrology 
&1 Introduction 
This chapter explores elements of the sedimentary record at Lake Tyrrell. It focuses on 
temporal variations in water balance interpreted from the stratigraphy and provides the 
independent evidence of environmental change needed to avoid excessive circular 
argument in the subsequent analyses of fossil pollen spectra. 
Interpretation of the sedimentary record draws heavily on previous investigations by 
Macumber (1980, 1983), Teller et al (1982), Bowler and Teller (1986) and Luly et al (1986) 
which established basic stratigraphic, hydrological and chronological relationships at 
the lake. 
The saline evaporitic sediments at Lake Tyrrell (Tyrrell Beds) are a thin sequence of 
gypseous clays etched into freshwater lacustrine clays (Blanchetown Clay) deposited in 
the ancient Lake Bungunnia (Macumber 1978, 1983, Stevenson 1986). Palaeomagnetic 
investigations have identified a magnetic reversal chronology in the Blanchetown Clay 
which suggests Lake Bungunnia is of Pliocene to early Pleistocene age. By contrast, the 
Tyrrell Beds fall entirely within the Bruhnes Normal Chron and are thus younger than 
730,000 years BP (An Zisheng et al 1986). 
Within the Tyrrell Beds, Bowler and Teller (1986) identify disconformities and pedogenic 
horizons indicative of periods of deflation and non-deposition at times in the lakes 
history. Two of the disconformities can be related to lunette building episodes (Luly et al 
1986; Chapter 4, Fig. 4.5). The deeper disconformity (disconformity B) corresponds to 
events which deposited the red lunette at about 30,000 BP, while disconformity A 
represents deflation associated with the grey lunette which accumulated between at least 
22,000 BP and 15,000 BP (Macumber 1983, Bowler and Teller 1986, Luly et al 1986). 
Disconformity A defines the base of the most recent cycle of deposition in the lake. 
Because pollen grains are not preserved in older parts of the Tyrrell Beds, most discussion 
will focus on those parts of the sequence which post-date deposition of the grey lunette; 
that is sediments which overlie disconforrnity A and are thus younger than 22,000 BP. 
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6.2 Core sites and core collection 
The cores which form the basis of the study were collected along the same north-south and 
cast-west transects used in pollen trapping. Activity centred upon the northern end of the 
lake in order to minimise the impact of Tyrrell Creek on sedimentation and the 
composition of pollen spectra. Changes detected in the sedimentary sequence should 
therefore reflect larger scale events, rather than purely local effects associated with the 
creek. 
Core locations are marked on Fig. 6.1. Distances along each transect were measured by 
odometer readings from the vehicle and positions checked by compass cross bearings. 
Coring was performed in the simplest possible fashion, using 80 mm PVC water pipe and a 
piston to obtain continuous cores of up to 210 cm length. The core tubes were hammered into 
the lake bed and either pulled bodily from the ground by hand or dragged out with a 
tripod, pulley and hand winch (Plate 6.1). Core tubes were sealed and transported 
unopened to the laboratory. 
Cores were photographed, logged and sampled immediately they were opened. They were 
then left to dry and photographed again. Representative samples from each sedimentary 
unit and samples from some unusual horizons were impregnated with polyester resin to 
allow thin section examination of micromorphology and mineralogy. 
6.3 Lake stratigraphy 
Sediments deposited above disconformity A can be divided into a number of stratigraphic 
units, each of which is a product of a distinctive hydrological and depositional 
environment. In combination with the relative closure of Lake Tyrrell with respect to 
surface water, this allows hydrological inferences drawn from the stratigraphy to be 
translated into an analysis of changes in water balance through time. This facies based 
approach to palaeohydrology has been used to good effect in a number of Australian 
studies, notably those by Bowler (1970), Bowler and Hamada (1971), Bowler and Teller 
(1986), Macumber (1983) and Magee (in press a). 
The cores from Lake Tyrrell will first be used to establish the composition and shape of 
the sediment body overlying disconformity A in the northern basin of the lake. This 
information will then be used to reconstruct a history of sedimentation and waterbalance. 
Radiocarbon dates provide the chronological control needed to identify critical periods in 
lake history and to place the record into a regional context. 
• Core site 
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FIG .6.1. Core locations in the northern basin of Lake Tyrrell. 
Plate 6.1. Recovering a core from core site 5. Mark Noble operates the winch, James Bowler 
supervises. 
Plate 6.2. Displacive gypsum crystals exposed at the foot of a retreating island margin. 
Crystals are about 3-5 cm long. 
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6.3.1 Sediment composition and microfabric ·background 
In a detailed study of the mineralogy and stratigraphy of the Tyrrell Beds, Bowler and 
Teller (1986) highlighted the occurrence of two quite different sediment types in their 
cores: elastic deposits derived from the lake catchment and evaporites deposited in 
response to chemical processes in the lake environment. 
Clastic deposits 
Clastic sedimentation in Lake Tyrrell is dominated by kaolinite and illite clays and 
quartz silt brought to the lake down Tyrrell Creek or washed in by erosion of steep lake 
margins to the east and north of the basin. A contribution has probably also been made by 
aeolian dust, but this component is yet to be positively identified or quantified in the 
sediment column. 
Several important fades variants occur within the elastic deposits (Bowler and Teller, 
1986). Non-laminated clays with a random internal grain fabric are found at a number of 
levels in the Bowler and Teller cores. These horizons are relatively thick and are thought 
to represent relatively continuous deposition under deep water, expanded lake conditions, 
as occurred prior to 30,000 BP. 
A second facies within the clay fraction occurs in association with gypsum laminae, which 
together form a distinctive day-gypsum laminite. In the long cores examined by Bowler 
and Teller (1986) the laminite occurs as discrete units ranging from several tens of 
centimetre thick down to isolated laminae. Boundaries between clay and gypsum laminae 
are typically sharp and individual laminae are composed solely of clay or gypsum; there 
is almost never a mixture of the two. These characteristics are consistent with abrupt 
alternation of depositional style. Particles within the clay laminae are often strongly 
oriented parallel with the bedding, a feature Bowler and Teller (1986) suggest is a result 
of suppressed activity by benthic organisms, which would otherwise disturb particle 
orientation as they fossick through the mud. This conclusion is supported by Magee (in 
press a). High salinity is the most likely control over biological activity in such an 
environment. 
A third clay variant, comprised principally of clay pellets , is only found occasionally in 
the cores analysed by Bowler and Teller but holds a particular importance as an indicator 
of periods of desiccation, hypersalinity, lowered groundwater tables and seasonality of 
climate (Bowler 1970, 1983). Two provenances are possible for clay pellet horizons in 
cores. The first reflects an intersection with in situ pellets, remnants of a period when 
water tables had been lowered below the critical threshold a metre or so below the lake 
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surface, leading to salt concentration in the capillary fringe, pelletisation of clay and, 
potentially, removal of pellets by the wind (Bowler 1976, Bowler and Teller 1986). 
Periods of intense pellet formation appear to be represented by discontinuities in the 
sedimentary sequence. Their stratigraphic equivalents are found in aeolian sediments of 
the islands and lunettes. 
A second possible source of clay pellets in cores is as a secondary component derived by re-
working of aeolian deposits in islands and lunettes. Pellets and pelletal aggregates are 
quite resistant to chemical and mechanical damage, and can be transported for 
considerable distances. Re-worked pellets are likely to be transported in association with 
the coarser sediment fractions, accumulating preferentially in nearshore or beach settings 
{Bowler and Teller 1986). 
Evaporitic minerals 
Evaporitic mineral assemblages in cores from Lake Tyrrell are dominated by gypsum and 
dolomite - the halite crust so prominent on the modem lake surface is not preserved in the 
sediment column. Gypsum is by far the most important mineral, and the taxonomy of 
gypsum crystals provides a guide to depositional condition within the lake as the crystal 
form of gypsum is dependent on the environment for crystal growth, particularly pH, ionic 
composition of brines and the presence of organic matter (Bowler and Teller 1986, Magee in 
press b). Gypsum which grows displacively within sediment is pyramidal in form with 
the long axis perpendicular to the crystallographic C-axis. Gypsum which grows in a brine 
body is prismatic with its long axis parallel to the crystallographic C-axis. Terminology 
used here follows Bowler and Teller (1986). 
Two basic forms of gypsum crystal can be distinguished. The first is termed 'displacive', a 
reference to its as a secondary phase within the sediment body. Modem growth of 
displacive gypsum in Lake Tyrrell is attributed to evaporative concentration of 
groundwater beneath the lake floor (Teller et al 1982), and it is likely a similiar 
mechanism operated in the past. Displacive gypsum crystals typically cross bedding 
planes and are found randomly distributed through the matrix. Individual crystals often 
contain sediment inclusions. When found in situ displacive gypsum horizons often exhibit 
a wide range of crystal sizes as physical sorting has had little or no impact. Lag deposits 
containing displacive gypsum are often found at the base of retreating lake margins, where 
sorting processes may be more active (Plate 6.2). 
Unlike the displacive crystal forms which grow within a sediment matrix, gypsum 
precipitated from standing water tends to form discrete, more or less uniform laminae 
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which make up the other half of the oriented clay-gypsum larninite referred to earlier. 
Again two types of crystal are commonly found in laminae of primary sub-aqueous origin. 
Most laminae are composed of uniform sized, clear equant crystals which commonly fall 
within the fine sand size range. These equant euhedral crystals began to precipitate in the 
water body before settling to the lake bed and were termed "settled" by Magee ( in press 
b). 
The second crystal form found in discrete gypsum laminae is, in a sense, a diagenetic 
successor to the small euhedral crystals deposited from the brine. Continued growth of 
crystals already in place at the bottom of the lake results in larger lathe shape forms. 
These crystals, termed "sedentary" by Bowler and Teller (1986) are often oriented at high 
angles to the bedding as the crystals grow into the brine above. A consequence of continued 
growth at the sediment-water interface is development of reversed graded bedding and a 
marked reduction in porosity at the top of some laminae. Crystal growth is ended by 
deposition of the next clay lamina which is often found draped over the lathe like 
crystals and sealing in the smaller euhedral forms. 
A final subset of the gypsum family is described as elastic gypsum. This term implies that 
a degree of post-depositional re-working and re-distribution of material has occurred. 
Laminations may well be present but the laminae may contain both hemipyramidal and 
prismatic gypsum morphs. Long axes of the crystals tend to lie parallel to bedding and 
there is often ripple development in gypsum laminae and signs of abrasion on transported 
crystals. In some cases laminae containing sedentary and displacive gypsum can form as a 
result of mixing on the lake bottom. 
Minor evaporites 
Although not preserved in the sediment column, halite dominates the suite of evaporitic 
minerals forming in Lake Tyrrell at the present time. The dynamics of halite deposition in 
the lake are governed by a complex set of interactions between groundwater and surface 
processes as intimated in Chapter 5. Persistence of the halite crust depends on groundwater 
under the lake remaining, on average, more or less at the sediment surface. Any significant 
reduction of groundwater level would result in the salt being dissolved gradually and 
transferred to the groundwater (Macumber 1983, Teller et al 1982). Increased water levels 
in the lake would also remove the crust, partly as a result of dilution of brines below 
halite saturation, but also by breaching the groundwater divide, allowing brines to escape 
down basin (Macumber 1983). 
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The presence of the local water table at the sediment surface also controls the 
preservation of sulphide minerals, as described in detail by Teller et al (1982). Bacterial 
reduction of gypsum under anoxic conditions yields the iron sulphide minerals rnacinawite 
(Fe2S) and greigite (Fe3S4), which contribute to the dark grey or jet black colouration of 
the topmost layers of mud underlying the salt crust. 
Like the salt crust, the sulphide layer is best developed in deeper parts of the lake basin. 
It disappears in topographically higher areas where oxidative processes are more active 
(Fig. 5. 23 ). Dry times, in which local water tables are lowered, result in further break 
down of the sulphide layer as the bacteria are forced into a resting phase. The zone of 
maximum bacterial activity keeps pace with the accumulation of sediments on the lake 
floor which would, in the absence of other factors, create an ever thickening sulphide 
layer. In reality the effects of progressive burial reduce microbial activity, and freely 
circulating oxygenated groundwater gradually reduces sulphide concentrations, leaving a 
dark greenish grey clay as an end product. Both the black sulphide rich clay and the 
greenish grey clay are products of the same depositional system. 
The final important evaporite components at Lake Tyrrell are carbonates, chiefly 
dolomite and high magnesium calcite. Carbonates are found as primary depositional 
minerals in clay laminae associated with clay/gypsum laminite, or as secondary minerals 
of pedogenic origin. Identification of the mode of deposition depends on the context of the 
occurrence: where carbonates are associated with oriented clay in the clay I gypsum 
laminite the likelihood is that it is primary, deposited before evaporating brine reached 
sulphate saturation. Where the carbonate is associated with stress argillans, biotubules or 
other pedogenic structures, a pedogenic origin is suggested. 
No carbonate is being deposited in the lake today and the presence of carbonate in the 
sediment column suggests the occurrence of° substantially different chemical conditions in 
times past. 
6.3.2 Stratigraphy of the Tyrrell Beds 
Analysis of the depositional record represented in cores collected in this study depends 
very much on the background information summarised above. In the following sections 
detailed descriptions are based on two cores, the first from Site 1, located about 100 metres 
north from the tip of Folly Point and close to the site of core FP 3 described by Bowler and 
Teller (1986). The second core (Site 2 .... of course!) was from a point approximately 
midway between Folly Point and the northern end of the lake at Palaeomag Bay (Fig. 
6.1). Where necessary reference will be made to features found in other cores. 
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Disconformity A 
If disconformity A forms the base of the sequence to be analysed in detail it is as well to be 
clear about how it can be recognised. In the field, the most obvious indication is a sudden 
increase in the effort needed to drive core tubes into the lake floor and this increased 
compaction of the sediment is also the most reliable guide in the opened cores. When 
examined more closely, textural and mineralogical features of the sediments indicate 
radical differences in depositional style on either side of the boundary. Disconformity A 
can be identified, albeit sometimes with difficulty, over most of the northern basin of the 
lake. 
Consolidated clays below disconformity A are typical of the deep water fades identified 
by Bowler and Teller (1986). Clay mineral particles are randomly oriented and gypsum 
crystals, where present, are well preserved displacive discoidal pyramidal forms, 
standing in stark contrast with the abraded and corroded crystals common above the 
boundary. 
In cores from Sites 1 and 2, the disconformity coincides with a distinctive dolomitic 
horizon (Fig. 6.2). The dolomite generally occurs as grains scattered through the clay 
matrix but at Site 2 it is possible that some of the dolomite is associated with traces of an 
algal mat (Plate 6.3). Although dolomite or carbonate horizons are found in several of the 
other cores (for example cores 10 and 11), the stratigraphic context of these occurrences 
does not resemble disconformity A. The affinities of the carbonate rich horizons in cores 10 
and 11 lie with earlier phases of carbonate deposition documented by Bowler and Teller 
(1986). 
Assuming that the carbonate horiwn at disconfonnity A was originally widespread, the 
sporadic occurrence of carbonate at the disconformity in cores can be interpreted as 
reflecting differential erosion and development of subdued relief on the lake floor by 
deflation at the time the disconformity developed. 
Holocene stratigraphy 
Since the cessation of consistent deflation, after about 15,000 BP, a relatively thin veneer 
of sediment has accumulated in the northern lake basin. Along the north-south transect, 
depth to disconformity A varies from 90 cm at Sites 3 and 4 to132 cm at Site 2. The 
sequence appears to be slightly thicker along the east-west transect, but no attempt was 
made to bottom the deposit to the west of Piezo Point. Three distinct units are recognised 
above disconformity A. 
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Unit3 
Unit 3 directly overlies the disconformity in five of the seven cores along the north-south 
transect (Fig. 6.3). It is typically a sticky greenish grey clay containing an abundance of 
discoidal displacive gypsum and a smaller fraction of fine well rounded quartz sand. Thin 
sections from Unit 3 reveal the presence of occasional rounded and abraded day pellets. 
Gypsum crystals in Unit 3 are randomly oriented and, unlike crystals below disconformity 
A, the crystals in Unit 3 are extensively abraded and are often severely corroded . 
The lowermost two centimetres of Unit 3 Site 2 show evidence of shrinking and swelling 
and a consequent organisation of clay into weakly developed aggregates. The clay contains 
dolomite but comparatively little gypsum. It is possible that the change from organised 
clay to more randomly distributed material represents the actual disconformity, but as it 
is only distinguishable in thin section, the more functional definition advanced above will 
be retained. 
The boundary at the top of Unit 3 is equally abrupt, with the sticky days giving way to a 
centimetre thick band of compact greenish grey clay, reminiscent of a deep water clay. 
Similar day bands occur in cores from Site 2 at 108 to 109 cm and 121 to 123 cm. At Site 1 
the clay bands are missing, but two distinct sandy horizons occur between 63 and 65 cm, and 
again between 75 and 76 cm. The sand grains are fine, well rounded quartz which, 
although appearing white to the naked eye, can be seen under the microscope to retain 
traces of iron rich clay cutans in pits on the surface of the grain. 
The distribution and origin of Unit 3 is intimately related to events which generated 
disconformity A. Deflation of the lake bed rearranged large volumes of sediment, piling it 
into lee side dunes and islands in some areas and excavating hollows elsewhere. The 
resulting landforms, adjusted as they were to aeolian processes were sensitive to changing 
conditions and responded strongly to renewal of lacustrine conditions (Bowler et al 1986). 
Unit 3 is interpreted to be the result of this response, reflecting the trimming and re-
ordering of the aeolian landscape on the lake floor. 
Unit 3 is texturally and mineralogically similar to the aeolian clays forming the islands, 
except that clay pellets are rare in Unit 3. The corrosion and abrasion of gypsum crystals is 
similar to that noted from the aeolian deposits - corrosion occurring as a result of contact 
with meteoric water soaking into the dune, and abrasion as a result of transport from the 
lake bed into the islands, followed by a return trip from the islands to the lake bed. 
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Plate 6.3. Thin section of sediments at the base of Unit 3, Site 2. 
Plate 6.4. Islands on the bed of Lake Tyrrell trimmed by wave action and groundwater 
sapping. 
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Unit 3 is thickest adjacent to Folly Point and in the centre of the northern basin, pinching 
out northwards to vanish entirely somewhere between core 11 and core 4. The aeolian 
islands, such as Folly Point, have been extensively trimmed and eroded by surface water 
(Teller et al 1982; Bowler and Teller 1986; Plate 6.4). The distribution of Unit 3 is 
consistent with an origin resulting from the re-distribution of older aeolian deposits. 
The conclusion that Unit 3 was predominantly deposited in water relies on the presence of 
clay bands and sandy horizons in cores rather than on thin section evidence. The white 
sand detected in cores from Site 1 is probably dune sand from the Woorinen formation 
blown into the lake and concentrated into near shore sediments by wave action. The red 
colouration of dune sand from the Woorinen Formation is due to the presence of iron rich 
clay cutans developed while sand was resident in the dunes. Remnants of cu tans are visible 
in pits on the surface of sand grains recovered from Unit 3 suggesting the sand was reddened 
before ending up in the lake. Removal of the cu tans could occur during transport to the lake 
or while the grains were part of the lake system. The persistence of reddening in mobile 
dune sands suggests that removal of cutans from grains in Unit 3 is a result of lacustrine 
processes, most likely in a shallow water or near shore environment where sediments can 
be agitated by wave action. 
Following this line of reasoning, clay bands in cores from Site 2 represent deeper water 
conditions, an interpretation consistent with the presence of these clay bands in cores from 
deeper parts of the basin. It is not possible to correlate sandy and clay horizons in any 
meaningful way, but their presence is indicative of the presence of reasonable amounts of 
water on at least an episodic basis. Coupled with the scarcity of well formed clay pellets 
these indications of recurrent flooding allow us to discount the possibility that aeolian 
processes dominated deposition of Unit 3. 
Water in the lake was probably saline, or gypsum crystals would not have survived, and 
was also probably quite shallow for most of the period in question, with brief deeper 
water events marked by clay bands in the centre of the basin. No persistent salt crust could 
exist during deposition of Unit 3 - rapid spread of re-worked material would be inhibited 
by a crust but more importantly survival of the salt crust depends on a delicate balance 
between salt imports and exports. This balance can be upset by lowering regional 
groundwater pressures (and thus lowering the ground water divide) or by raising 
hydrostatic pressure in the lake to overcome the groundwater divide. On a shorter time 
scale the formation of salt crusts can be prevented by lowering local groundwater levels, 
causing the salt to accumulate in a brine pool below the lake floor (Macumber 1983) or by 
diluting brines with fresh water. 
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If, as suggested above, the lake was wet more often than not during deposition of Unit 3, 
maintenance of salt concentration below saturation with respect to both gypsum and halite 
was probably the result of hydrostatic loading of the lake bed, although boundary 
conditions imposed by regional groundwater are hard to assess in the absence of detailed 
information about regional groundwater levels since about 15,000 BP. 
On balance, Unit 3 probably represents a period of rapid re-adjustment of Lake Tyrrell to 
lacustrine conditions after a long period of aeolian dominance. Deposition was rapid and 
any salt crust thin and. transient. Estimation of water depth is difficult during this 
interval. Under modern conditions a metre or so of water would be enough to export salts 
from the lake but the textural characteristics of Unit 3 differ radically from the modem 
sediments and thus some caution is required in drawing conclusions from the modern system. 
The safest conclusion is that water depths were similar to those experienced today -that 
is 50 to 100 cm on a seasonal basis; enough to produce some waves and to mobilise salt, but 
not enough to deposit fully subaqueous lake sediments. Bands of clay in Site 2 cores 
indicate the type of material which would have accumulated under more permanent 
lacustrine conditions. 
Unit2 
The abrupt change from Unit 3 to Unit 2 marks a further change in lake hydrology. The 
laminite which forms Unit 2 is found in all cores from the northern basin of the lake and is 
similar in most respects to the laminites described by Bowler and Teller (1986). The main 
body of Unit 2 consists of clay and gypsum couplets (Plate 6.5), with many of the 
individual gypsum laminae exhibiting features which Bowler and Teller (1986) associate 
with crystals growing into a standing water body. These features include well developed 
reverse graded bedding and reduced porosity towards the top of the lamination, and 
presence of elongated, bladed crystals blanketed by the succeeding clay lamina (Plate 6.6). 
Whilst many of the gypsum crystals appear to be prismatic forms, ripple marking is 
visible in some cores, suggesting wave action has affected bottom sediments at times. The 
base of Unit 2 is typically associated with a horizon of large (1 to10 cm) displacive 
gypsum crystals whose growth has largely disrupted the original lamination. Traces of 
lamination remain among the displacive crystals in the core from Site 10, giving some 
credence to this conclusion. Growth of secondary gypsum also affects the top of Unit 2. 
Secondary 'millet seed' crystals make the top of the unit difficult to detect in fresh cores. 
Ghosts of the lamination show more clearly once the core has dried (Plate 6.7). 
SITE 2 
Plate 6.5. Gypsum-clay laminite in Unit 2, Site 2. 
Plate 6.6. Thin section of clay-gypsum laminite in Unit 2. Note the dark clay laminae and large 
bladed crystals in upper right of photo. (magnification x 400, crossed nicols). 
SITE 2 
Plate 6.7. Uppermost laminae of Unit 2 at Site 2. 
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Unit 2 represents a change to permanent lacustrine conditions following the more 
ephemeral system which prevailed during the deposition of Unit 3. The successive 
deposition of clay and gypsum laminae is generally attributed to deposition from a 
standing water body whose salinity fluctuated above and below sulphate saturation 
(Bowler and Teller 1986). Clay laminae are deposited during influxes of water and 
sediment to the lake whilst gypsum laminae result from subsequent evaporative 
concentration (probably in summer) of brines to the point where sulphate saturation is 
exceeded and precipitation of primary gypsum can begin. Growth of crystals on the lake 
bed can continue until the next flood of fresher water dilutes the brine andsmothers the 
gypsum with the next clay lamina. Although deposition of clay-gypsum couplets is 
probably seasonal (see Magee in press a), couplets are not necessarily annual as the driving 
mechanisms are not as powerful and all encompassing as those producing varves or similar 
rhythmic deposits. 
Water in the lake at this time was certainly saline. The lack of corrosion on gypsum 
crystals suggests that the influx of water during flooding had little overall impact on the 
salinity of water which came into contact with the crystals. Protection might be afforded 
by elastic sediments blanketing the gypsum, or the brines remain salty enough to prevent 
significant corrosion while suppressing benthic activity which would otherwise disturb 
the laminations. 
The apparently monotonous series of laminations which makes up Unit 2 actually contains 
a wealth of variability. Thicknesses of individual laminae at Site 2 range between 
10.58 mm and 0.2 mm but as can be seen from Fig. 6.4, the differences in lamination 
thickness are not entirely random. Packets of thick laminae ( both gypsum and clay ) 
alternate with packets of thin laminae throughout the Unit. I suspect the thicknesses of 
laminae reflect variations in the amount of water reaching the lake but until detailed 
sedimentological studies are completed the arguments outlined below remain untested. 
Although gypsum laminae are, on average slightly thicker than are clay laminae (mean 
gypsum thickness 3.52 mm; mean day thickness 3.0 mm ) both components of the couplets 
tend to act in sympathy within each packet; that is , intervals with thin clay laminae 
also have thin gypsum laminae, while thick clay laminae are complemented by thick 
gypsum laminae. 
The role of water volume in controlling lamination thickness needs some explanation as 
later arguments are based on this relationship. Large volumes of water obviously favour 
the deposition of thick elastic laminae by actively importing sediment and eroding lake 
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margins. The dynamics of gypsum deposition are more complicated. High salinities are 
maintained in the modern lake by inflows from regional groundwater and of pre-
concentrated brine cycled through the Timboram-Wahpool boinka complex (Macumber 
1983, Teller et al 1982). This situation can only exist as long as there remains a 
groundwater discharge point; that is a point where groundwater pressures are lower than 
those in the regional aquifer, focusing groundwater flow lines into the lake. Raising 
pressures in the lake by hydrostatic loading or reduction of regional groundwater pressures 
by depletion of the regional aquifer are both ways of tipping the balance between 
discharge and recharge. Evidence of permanent lake conditions in Lake Tyrrell does not 
support the reduced groundwater pressure option, and, in the absence of indications of 
increasing salinity through time in what is, after all, a basin closed to surface water, the 
lake is likely to have been a point of recharge throughout the interval represented by 
Unit 2. It follows that solutes were exported rather than accumulated at the surface and 
that in the long term the sulphate and calcium ions which precipitate as gypsum must be 
imported from the catchment in surface water, rather than in groundwater. 
In this model, large volumes of water flowing down the creek would also bring in 
relatively large solute loads as well as elastic material. The substantially slower rates of 
infiltration as compared to inflow would ensure the less soluble salts were retained, 
particularly if lake waters remained close to sulphate saturation for much of the time. If 
this is the case, it explains the tendency of clay and gypsum laminae to act in parallel and 
provides a theoretical justification for using laminae as an index of water inflows. 
An alternative means of accumulating solutes might operate if seasonal falls in lake level 
were sufficient to reduce the hydrostatic head, allowing the lake to return to groundwater 
L.. ::>charge conditions. Higher regional groundwater pressures generated by higher 
effective rainfall may have allowed this threshold to be exceeded whilst water 
remained in the lake. Groundwater inflow would top up lake salinities without 
materially affecting elastic sedimentation, resulting in dominance by gypsum deposition, 
particularly when flows of surface water were rare. Packets of thin laminae should 
contain a higher proportion of gypsum than those from thicker packets. This is manifestly 
not the case (see Fig. 6.4) and while times of groundwater discharge may have occurred, 
sedimentation was dominated by surface water. 
Unitt 
With the onset of sedimentation in Unit 1, Lake Tyrrell began to take on its modem aspect 
as an ephemeral playa lake. This unit takes two forms representing variations on the 
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Plate 6.8. Sediments of Unit 1 at Site 2. Note black sulphide clay grading to 
dark grey clay and oxidised clays between 10 and 30 cm. 
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area. The local catchment is very restricted due primarily to the highly porous soils 
around the lake which favour infiltration rather than runoff, even in the occasional 
thunderstorms which occur. It is safest to assume the local catchment is limited to the 
islands within the lake basin, amounting to some 35 km2, small enough to ignore at this 
stage. The catchment of Tyrrell Creek is more problematical as the creek is an overflow 
channel from the Avoca River and receives water during periods of unusually high flow. 
How large is the catchment feeding Lake Tyrrell? Bowler (1981) opted to use 2.5 percent of 
the Avoca catchment in his analysis of hydrological thresholds and this estimate will be 
adopted here giving a catchment area of 647 km2 (Ac= 647). 
A second problem arises when it comes to determining the runoff coefficient, a term which 
describes the efficiency of the catchment in transferring rainfall towards the lake. The 
conspicuous lack of information about the behaviour of Australian catchments led Bowler 
(1981) to employ an approximation based on an amplification factor (Ac/ Al) which 
ignores factors such as topography, vegetation or rock type but yields reasonable estimates 
in cases where runoff events can be compared with historical records. The runoff coefficient 
Bowler assigned to Lake Tyrrell is 15 percent of mean annual rainfall in the catchment and 
this figure is adopted here. It may well be overly generous in view of the four percent 
Stevenson (1986) attributes to the Murray River. 
Rainfall at Lake Tyrrell averages about 322 mm per year. In the catchment area rainfall 
varies considerably but is generally higher than that experienced at Lake Tyrrell. Again I 
have adopted Bowler's (1981) average figure of 356 mm for the catchment as a whole for 
the purposes of this exercise. 
On the outgoing side of the equation, evaporation rates provide yet another source of 
uncertainty. Measurements of evaporation rates are carried out at a limited number of 
stations in Victoria, the nearest to Lake Tyrrell being at Robinvale and Mildura. Both 
towns lie north of Lake Tyrrell and so would be expected to experience higher evaporation 
rates than occur at the lake. When the Class A pan correction is applied to bring pan 
evaporation closer to actual evaporation from a large water body (Hoy and Stephens, 
1979), evaporation at Robinvale amounts to 1633 mm per year (2041mmx0.8) and 1750 mm 
(2187 x 0.8) at Mildura. In view of these figures the 1200 mm per year adopted by Bowler 
(1981) seems a reasonable estimate of evaporation from a water body in Lake Tyrrell. 
High salinities in the Lake Tyrrell brines would reduce evaporation rates to a degree, but 
this effect must be ignored for the time being. 
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The best test of the water balance model selected is to see how it performs in relation to 
field observations. In this instance, with the water balance components as already 
presented, water inflow to Lake Tyrrell is as follows: 
INFLOW = 
where Al 
p 
Ac 
Pf 
Al x P + (Ac • Al) Pf 
= 
= 
= 
= 
155 km2 
300mm 
647km2 
356 x 0.15 
155 x 1x1o6 x 0.3 + {492 x 1x1o6) x 0.356 x 0.15 
= 1.55 x 1o8 x 0.3 + 4.92 x 1o8 x 0.0534 
= 46,500,000 + 26,272,800 
= 72,772,800 m3 
converting this figure to depth = 72,772,800 ~ 
1.55 x 1o8 m2 
;:; 0.469m. 
This calculation depth is very similar to the observations cited by Teller et al {1982) to 
the effect that during winter and spring the southern part of the lake generally contains 
about half a metre of water. Evaporation of 1200 mm per year would comfortably account 
for this inflow, with sufficient in surplus to accommodate periods of higher rainfall and to 
keep groundwater levels in check. 
6.4.2 Holocene palaeohydrology of Lake Tyrrell 
It appears the climatic parameters in the water balance equation give an acceptably 
reliable description of the modem lake, and can therefore be used as a basis for examining 
aspects of lake hydrology through time. The uncertainties which inescapably attend 
interpretation of the stratigraphic column set severe constraints on how the water balance 
estimates can be applied. Ideally attention ought to be focused on a significant 
hydrological threshold which can be unequivocally interpreted and identified. In the 
sequence examined here the only feature which meets these criteria is the transition from 
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the ephemerally active lake represented by Unit 3 to the permanent (though oscillating) 
lake which deposited Unit 2. The ephemeral lake phases (Units 3 and 1) cannot be used as 
characteristics of Unit 3 could be produced by inflows above or below modem values, while 
there is no way of telling how much drier the lake would need to become for the oxidation 
seen in Unit 1 to occur. By comparison the threshold marking onset of permanent lacustrine 
conditions is a significant reference point which can be isolated and examined in a way not 
possible in other parts of the sequence. 
Changes in any or all of the parameters in the water balance equation may be involved 
and some are more likely to have an impact on lake behaviour than others. Physical 
determinants of the runoff coefficient (such as topography, geology and soils) are unlikely 
to have changed much in the time represented by the cores, but substantial change may 
have occurred in vegetation cover and composition. The impact of changed vegetation on 
runoff is an unknown factor which needs to be borne in mind but on balance is probably not a 
major factor in the calculations. 
Climatic factors are more likely to be volatile elements in lake water balance. Individual 
parameters can be manipulated but it is impractical to attempt to examine simultaneous 
changes in more than one variable. As a result the outcome of water balance calculations 
attempting to analyse ancient environments are likely to be simplistic in the extreme and 
must be treated with due caution. 
If we take rainfall as the major variable in the water balance calculations, it appears 
that about 2.6 times modem rainfall would be required to balance evaporative losses and 
potentially allow a permanent lake to develop: 
INFLOW = 
Where Pf 
and 2.6P 
INFLOW 
Al x 2.6 P + (Ac - Al) Pf 
= 
= 
= 
= 
= 
= 
= 
0.356 x 2.6 x 0.15 
0.138 
0.30 x 2.6 
0.780 
1.55 x 1o8 x 0.78 + 4.92 x lo8 x 0.138 
1.209 x to8 + 67,896,000 
1.8879 x 1o8 m3 
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When converted to depth (m), this inflow figure becomes: 
I I Al 
I = 1.8879 x 108 m3 
Al = 155 x l~m2 
= l.2m. 
The rainfall figures used in this calculation at first sight seem too high, yet the depth 
estimate of about 1.2 metres for the lake finds some stratigraphic support in the absence of 
Holocene lacustrine deposits from core FP-3 ( Bowler and Teller 1986, figure 4) and the 
presence of a small (undated) beach cut into grey lunette sediments about 15 metres above 
the lake bed at Folly Point ( Plate 6. 9). 
Average rainfall of about 950 mm for the catchment of the lake is more reminiscent of 
foothill areas of the coastal ranges than the inland slopes of Victoria's Central 
Highlands, while the 780 mm proposed for the lake itself would seem more appropriate 
to areas on the southwest slopes of New South Wales (compared with Wagga Wagga at 
700 mm) or the volcanic plains in western Victoria. Nevertheless Macumber (1983) reports 
evidence that Wirrengren Plain, a lake associated with the Wimmera River (which rises 
in the central Highlands hard by the headwater of the Avoca River) contained at least 
11 m of water during the Holocene. The presence of this depth of water in a lake which is 
dry under modem conditions and would only fill as a result of overflow from two large 
playa lakes (Lake Hindmarsh and Lake Albacutya) suggests that a large volume of water 
was available from sources which can no longer provide it. 
An equilibrium between inflow and evaporation which would support a permanent lake 
could also be reached if evaporation rates were drastically reduced. Altering evaporation 
in the equation requires a reduction to 468 mm per year from the modem value to achieve a 
balance. This is a totally unrealistic figure which falls far below rates currently 
experienced in the coldest and wettest areas of southwestern Tasmania. Runoff rates would 
have to increase by about 10 times to cancel evaporative losses and even allowing for 
changes in rainfall intensity, seasonal distribution of rainfall and changes in vegetative 
cover, this seems highly unlikely. 
The hydrological setting of Lake Tyrrell is far more complex than that of the so called 
rain gauge lakes (such as the maars of western Victoria or the Atherton Tableland) and 
the actual causes of lake initiation are almost certainly a complex of inter-related factors 
Plate 6.9. Remnants of a small sandy beach at the foot of Folly Point. 
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which cannot be resolved from the fossil record. Evidence of change in hydrological 
parameters is compelling but in view of inadequacies of the fossil record attempts at 
explanation necessarily over simplify the true position. The most economical explanation 
for the onset of permanent lacustrine conditions in Lake Tyrrell is a substantial increase in 
rainfall over the whole lake catchment. The inferred increase in rainfall (2.6 times 
modem levels) may well be inaccurate but is probably of the correct order of magnitude and 
provides a working basis for assessing the impact of environment on biological components 
of the landscape. 
6.5 Radiocarbon dates and a chronoloi:Y of deposition 
Establishing a secure chronological foundation is one of the most important steps in any 
palaeoenvironmental study and the requirements of radiocarbon dating dictate much of 
the methodology adopted in sampling the recent geological record. Unfortunately the art 
of dating salt lake sequences is very much in its infancy. The slow rates of sedimentation 
and even slower rates of organic accumulation which characterise the salt lake 
environment present formidable obstacles to routine dating of these deposits. 
6.5.1 A local chronology for Lake Tyrrell 
The chronology of sedimentation in Lake Tyrrell is based on a series of radiocarbon dates 
from Sites 1 and 2. The dates are somewhat scattered. Ages attributed to particular events 
are derived from age-depth curves drawn for each site (Fig. 6.5). Cross-checking of ages for 
each event at different sites provides a useful means of assessing the internal consistency 
of the chronology. Evaluating the comparability of dating at Lake Tyrrell with other 
lakes is a subjective exercise which juggles not only the dates and evidence of changing 
lake levels but also the differing hydrological parameters which govern the behaviour of 
individual lakes. 
Unlike Bowler and Teller (1986) who used carbonates extensively in their dating 
programme, only one of the dates used here (ANU-3065) is carbonate based. The rest rely 
on dispersed organic carbon extracted from bulk sediment samples and concentrated for 
dating according to a schedule devised by J.R. Caldwell (Department of Biogeography and 
Geomorphology) and reported in Luly et al (1986). 
Two additional dates were obtained by accelerator mass spectrometry (AMS) analysis of 
carbon contained in samples processed for pollen analysis. AMS dating was carried out by 
R. Gillespie (Department of Biogeography and Geomorphology). Dates were based upon 
two fractions of the same sample. The first half of the sample was dated as total organic 
residue, comprising primarily pollen grains, carbonised particles, algal cysts and a certain 
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amount of amorphous material. The second half was leached in concentrated nitric acid 
until only carbonised particles remained. These dates provide something of a check on the 
ages determined by more conventional methods. 
Results of the dating at Lake Tyrrell are summarised in Table 6.1 and Fig. 6.5. As is 
obvious, reversals in radiocarbon ages occur in samples from both core sites. Error terms 
associated with most of the dates are also relatively large. The combination of reversed 
ages and large error terms attached to the dates leaves interpretation of the chronology 
dependent upon a judicious assessment of the balance of probabilities. 
TABLE 6.1 
Sample and Site Depth 
(cm) 
ANU-2392 Site 1 
2711 
2770 
2771 
2790 
3066 Site 2 
3070 
3071 
3067 
3068 
3065 
2390 Site 1 
2391 Site 1 
Site 2 
Site2 
16-17 
20-23 
26-29 
29-32 
46-49 
44-48 
61-66 
76-81 
110-115 
130-135 
136-141 
0-1 
1-2 
89.5-90 
89.5-90 
14c Age 
1970± 80 
440± 70 
2920 ± 140 
2480± 90 
5350± 220 
3150 + 500 
5570± 200 
4840 ± 140 
7460±1030 
10150 ±1650 
23590± 450 
Sample Size 
(gmC) 
0.39 
1.39 
1.97 
0.39 
0.35 
726.3% modem±l.2% 
106.5% modem ±1.6% 
7215 ± 270 
7425 ± 445 
Remarks 
Unit 1 bulk sample 
Carbonate immediately 
below Disconformity A 
Surface sample 
AMS Dates (total) 
HN03 leached 
The scatter of radiocarbon ages evident in Fig. 6.5 and Table 6.1 could arise in any number 
of ways. Mixing of sediment by physical or biological agents at the time of deposition, 
mixing as a result of post-depositional crystallisation of gypsum in the sediment matrix 
and post depositional translocation of carbon in groundwater are all possible sources of 
dating problems in salt lake environments. The universal problems of contamination of 
samples during collection or processing can be added to the possible mechanisms for 
confounding confident use of individual dates. 
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Mixing of sediments at the necessary scale can be discounted as a cause of unreliable dating 
in this case as primary laminations are clearly visible between the reversed dates. ANU-
3070 and 3071 and ANU-2770 and ANU-2771. Mixing would have destroyed such 
lamination at the time of deposition or subsequently due to growth of secondary displacive 
gypsum. 
The possibility of translocation of carbon through the sediment in solution (see 
Scholkovitz et al 1983 and Scholkovitz and Mann 1984 for examples in a marine context) 
can also be discounted, as soluble products of bacterial or algal respiration and 
decomposition would be removed by the repeated washing in distilled water and dilute 
hydrochloric acid which forms part of the pre-treatment regime. Insoluble carbon 
fragments cannot migrate easily through the fine grained sediments or the interlocking 
crystals which develop in gypsum laminae. These disclaimers leave contamination of 
samples during sampling and processing as the most likely source of trouble, especially as 
the amounts of carbon recovered are so small that even minor contamination becomes 
significant. 
Whatever the causes, the inversions and large error terms make it impossible to use 
individual dates as chronological markers. An alternative approach is to develop age-
depth curves using all the dates, with estimates of radiocarbon age for particular levels 
being read from the curves. The internal consistency of the chronology can be tested by 
comparing inferred ages of stratigraphically equivalent horizons in cores from sites which 
provide the dates. These reference horizons should ideally represent periods of rapid 
change which can be unequivocally identified across the lake basin. Events which meet 
these criteria in this sequence are: (a) the initiation of sediment accumulation following 
stabilisation of disconformity A; (b) the filling of the lake which began deposition of Unit 
2 and (c) the drying of the lake which brought deposition of Unit 2 to a dose. The Jake 
surface is treated as time zero on the grounds that the dates ANU-2390 (126.3 ± 1.2 percent 
modem) and ANU-2391 (106.5 ± 1.6 percent modem) demonstrate the occurrence of post 
bomb sedimentation at Site 1. The clear evidence of European impact on the native 
vegetation cited in Chapter 5 performs a similar service at Site 2 as this evidence would 
not exist had erosion dominated lake processes during recent times. 
The onset of sedimentation in Lake Tyrrell during Holocene times should have been 
simultaneous throughout the lake. The gently contoured shape of the basin would 
minimise geometric controls over the distribution and rate of sedimentation in the lake 
(Lehman 1975). 
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For Site 1 a line drawn from the surface through ANU-2392 (1970 ± 80 BP), ANU-2770 
(2910 ± 140 BP) and ANU-2790 (5350 ± 140 BP) intersects disconformity A at 96 cm, 
equivalent to a radiocarbon age between 10,000 and 11,000 BP. At Site 2 the line drawn 
through ANU-3066 (3150 ± 500 BP) and ANU-3067 (7460 ± 1030 BP) bisects the reversed 
dates ANU-3070 (5570 ± 200 BP) and ANU-3067 (7460 ± 1030 BP) to reach disconformity A 
(132 cm) at an inferred age of about 9000 BP. The gap in extrapolated basal ages between 
Sites 1 and 2 is considerably reduced if the date of 10, 150 ± 1650 BP (ANU-3068) is taken at 
face value, despite the small sample size and impressively large error term attached to it. 
The beginning and end of deposition in Unit 2 should also be simultaneous in both cores as 
the lake bed was in turn flooded and exposed. At Site 1 the age-depth curve suggests 
deposition began at about 6700 BP, while the curve for Site 2 yields an age of 6600 BP. At 
the top of the unit correspondence between estimated ages is even better, with the end of 
Unit 2 deposition occurring at 2150 BP and 2200 BP in Sites 1 and 2 respectively. 
While not an ideal way of dating a sedimentary sequence, age depth curves based on 
linear increase in age with depth yield results consistent enough to justify using the curves 
as a model of age structure in the deposits above disconformity A. The artificiality of the 
dating makes it impossible to resolve the subtle variation in sedimentation rates which 
undoubtedly occurred between, and within, the different units. 
While bearing in mind the limitations of the chronology, it is now time to synthesise the 
events which occurred at Lake Tyrrell before comparing their timing and magnitude with 
sites elsewhere. 
The age of disconformity A is quite reliably circumscribed by three dates - two from the 
lake bed (ANU-3065 and ANU-3068), and one from the aeolian clays of Folly Point 
(Fig. 6.6). The date of 23,590 ± 450 BP (ANU-3065) based on carbonates from immediately 
below the disconformity finds a counterpart in a date of 22,040 ± 690 BP (ANU-2016) 
which Bowler and Teller (1986) obtained from Folly Point. These dates are stratigraphic 
equivalents and imply the lake bed was actively deflating at this time and set a lower 
limit as the age of the later cycle of sedimentation. 
Renewed sedimentation in the lake, almost certainly accompanying an increase in 
rainfall, began somewhere between 9000 BP and 11,000 BP as the age-depth curve 
estimates. The date of 10,150 ± 1650 BP could accommodate either of these ages, but at 
least confirms the presence of a significant time break between carbonate rich sediments 
beneath the disconformity and the lower part of Unit 3. 
Fdly Pcint 
ANU- 2016 FP- 3 Site 1 
FIG.6.6. Location of ANU-2016 in relation to the bed of Lake Tyrrell. 
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The dramatic change in water balance which heralded the onset of Unit 2 sedimentation 
took place at about 6600 BP. Permanent lake conditions persisted until about 2200 BP, when 
the water balance changed again, and the lake dried. Dry conditions lasted some 1400 
years until at about 800 BP, modern playa conditions were established. 
6.5.2 Comparison with the regional chronology 
The local chronology developed for Lake Tyrrell can be compared with those from other 
lakes in the region. Best dated and most comprehensively studied of the possible sites is 
Lake Keilambete a maar lake from western Victoria where the combined results of fades 
~ 
analysis (Bowler 1981, Bowler and Hama~a 1971), pollen analysis (Dodson 197~) and 
micropalaeontology (DeDeckker 1981, 1981) provide the most detailed record of lake 
level fluctuations available from south eastern Australia. Lake Keilambete is a closed 
lake with a very small efficient catchment (Bowler 1981) and as a result responds rapidly 
and sensitively to relatively minor climatic changes. The sensitivity of this lake is such 
that it is wise to focus attention on major events which have a reasonable chance of being 
recorded in less delicately poised sites. 
The results from all lines of evidence converge neatly, and are summarised by Bowler 
(1981). Prior to 10,000 BP Lake Keilambete was mostly dry, with a soil forming on the lake 
bed. Between about 10,000 BP and 8000 BP lake levels rose, culminating in an almost fresh 
water phase between about 6500 BP and 5500 BP. After 5500 BP lake levels decreased 
steadily. After about 4500 BP carbonate was replaced by dolomite as the major chemical 
precipitate but lake levels did not reach a minimum until around 3100 BP. Trees which 
occupied exposed lake bed during this time were drowned at about 1900 BP, indicating lake 
levels had begun to rise by this time. Since 1900 BP, lake levels have fluctuated, and a 
distinct dolomite band at about 700 BP may be indicative of slightly drier or warmer 
conditions. The most dramatic change in this interval was in fact the decline in lake level 
which has occurred during the last century, a decline which brought lake level to nearly 
its lowest in the past 10,000 years. A change of this magnitude triggered by very slight 
changes in climate emphasises the sensitivity of the lake and the need to be careful when 
attempting to compare the Keilambete record with lakes of a different stripe. 
Although particularly sensitive, the record from Lake Keilambete is paralleled 
elsewhere in the region. At Lake Leake conditions were dry immediately prior to 10,000 
0. 
BP and wettest between 6900 BP and 5000 BP (Dodson 1974.f. Relatively moist conditions 
were present in Lake Leake between 7860 BP and 2940 BP but after 5000 BP lake levels 
began to decline. Relatively dry conditions persisted through to the present day though 
lake levels rose again ( slightly ) between 2000 BP and 1300 BP. 
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°' At Lake Bullenmerri DeDeckker (1981, 198~ found a gradual increase in depth between 
8200 BP and 7700 BP with the highest levels occurring between 6600 BP and 6000 BP. 
Decreased levels occurred between 4700 BP and 3800 BP, while levels fluctuated between 
about 3800 BP and 2300 BP. A significant fall in lake level occurred between 2300 BP and 
1800 BP, but the water was not as shallow previously. Modern lake levels date from about 
1800 BP if the fall during the last century is discounted. 
At Lake Gnotuk a similar pattern of change occurs - reactivation of the lake at about 
10,000 BP; fluctuating shallow saline conditions until about 7250 BP after which water 
levels rose to attain maximum depths between 6000 BP and 5500 BP. After 3400 BP lake 
levels declined again and fluctuated widely. Little information is available after 1300 BP 
(DeDeckker 1981). 
In a distilled form, these data suggest the western Victorian maar lakes began to recover 
from a dry interval at about 10,000 BP. Lake levels were comparatively low and variable 
until about 8000 or 7000 BP when they began to rise. The deepest water occurred between 
about 6500 BP and 5000 BP. After 5000 BP levels decreased steadily, reaching lowest 
levels between 3000 BP and 2000 BP. After about 2000 BP levels recovered to an extent 
before plummeting in the last 100 years or so. 
There is reasonable convergence between the lake level history of western Victoria and 
that of Lake Tyrrell. Renewed lake activity in both areas followed desiccation in the 
Pleistocene dates from about 10,000 BP, with the lowermost Holocene lake deposits 
indicative of deposition from shallow, fluctuating water bodies. A significant rise in lake 
levels in western Victoria began around 7000 or 8000 BP, as compared with 6600 BP for 
onset of the major lacustrine phase at Lake Tyrrell. The apparent gap in ages would be 
consistent with a more rapid response of the southwestern lakes to the Holocene marine 
transgression, but it is substantially reduced if the clay bands within Unit 2, which have 
inferred ages of about 8000 BP and 7000 BP are interpreted as precursors to a more active 
lacustrine regime. The deepest water occurs in the volcanic lakes between 6500 BP and 5000 
BP; at Lake Tyrrell there are difficulties in determining when the deepest water was 
present but if the thickness of clay laminae is a guide, deep water was present between 
6600 BP and 5800 BP, 5200 BP - 4300 BP and from about 4000 BP to 2200 BP. The first two of 
the deeper water intervals at Lake Tyrrell are reasonably firmly founded. 
The interval between 4000 BP and 2200 BP inspires less confidence, however. The main 
problem to determining the effect crystallisation of secondary gypsum on preservation of 
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laminae. Growth of the secondary crystals may disrupt laminae by displacement or by 
resorbtion of existing crystals. Thin laminae would be more vulnerable to this form of 
disruption and loss of laminae would bias measurements, raising mean thickness of the 
laminae significantly. Although there is uncertainty about the relative depth of water, 
the lamination attests to the long term presence of water in the lake until 2200 BP. This 
date is almost 1000 years younger than onset of the driest conditions in the western 
Victorian lakes, although the volcanic lakes would be expected to remain wet under a 
wider range of environmental conditions than would Lake Tyrrell. The discrepancy might 
be due to environmental factors or inaccurate dating. Inaccurate dating is the most likely 
cause, but in view of the similarity of inferred ages at the top of Unit 2 from Lake Tyrrell, 
the age of 2200 BP for drying of the lake will be retained. 
Recovery of lake levels in western Victoria began about 2000 BP. At Lake Tyrrell the 
recovery took place about 800 BP. A lag of this magnitude, suggesting a rapid response of 
the volcanic lakes to a minor climatic amelioration and a much slower, groundwater based 
response in Lake Tyrrell, is consistent with the observed hydrological character of the 
different lakes. 
A second area of hydrological interest, as a source of water flowing into the Lake Tyrrell 
region via the Murray River and associated drainage, is the southern Highlands of New 
South Wales. Best known site on the Highlands is Lake George which occupies a fault 
angle depression at the headwaters of the Lachlan River. Detailed lake level data are 
available from shorelines (Coventry 1976, Coventry and Walker 1977), pollen analysis 
(Singh and Geissler 1985) and micropalaeontology (DeDeckker 1982). 
The history of lake level fluctuation as reconstructed by DeDeckker (1982) is reasonably 
similar to those determined by Coventry (1976), Coventry and Walker (1977), and Singh 
and Geissler (1985), but has the advantage of dealing with organisms sensitive to water 
chemistry and depth. The six dates used by DeDeckker (1982) are drawn from a second core 
analysed by Singh and Geissler (1985). Correlation between cores is lithologically based. 
The reactivation of Lake George dates from about 13,500 BP and rising lake levels 
culminate in a fresh water phase lasting from 12,000 BP to 10,200 BP. Water was 
consistently present in the lake until about 8500 BP. Between 8500 BP and 3200 BP the lake 
was ephemeral, with occasional short fresh water phases (7500 BP, 7000 BP, 3200-4000 
BP) interspersed with saline phases and periods of weak pedogenesis. After 3200 BP the 
lake was essentially dry, with occasional bouts of inundation. 
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The Holocene hydrological history of Lake George differs from those of Lake Tyrrell and 
the western Victorian volcanic lakes in a number of respects. Most significant is the 
occurrence of deep water conditions very early in the Holocene rather than in the interval 
between 6500 BP and 5000 BP characteristic of the southern lakes. Relatively low water 
levels at Lake George date from about 8500 BP, with the wet times in Lake George marked 
by blips at 7000 BP, 7500 BP and a longer event between 4000 BP and 3200 BP. 
These differences are not merely a result of inadequate dating. Outside the immediate 
environs of Lake George, the early Holocene high lake stand finds expression in a short 
lived pulse of water entering Lakes Gampung and Mulurulu in the Willandra Lakes 
system at the downstream extremity of the Lachlan River ( Bowler 1986). It also coincides 
with the demise of bedload dominated fluvial regimes in the Murray-Goulburn and 
Darling River systems (Bowler 1978, 1986) whose catchments lie, at least partly, in the 
Lake George region. Events in the catchment areas are inevitably reflected downstream. 
The early synchronous changes in systems dependent upon runoff from the Southern 
Highlands and water level changes in Lake George suggest the dates from Lake George are 
reasonably accurate and that the differences in the chronology of events between Lake 
George and Lake Tyrrell reflect temporal differences in the climatic regimes which drive 
the respective lakes. 
The idea that events in the highlands can be expressed on the semi-arid plains in the 
middle reaches of the Murray-Darling drainage provides a possible way of reconciling an 
apparent inconsistency in dates obtained from Lake Tyrrell and the relatively nearby Kow 
Swamp. In a study of the stratigraphy at Kow Swamp, Macumber (1977, 1983) found that 
lake levels were high between 13,000 BP and 9000 BP. After 9000 BP water levels began to 
subside until the lake dried at about 8000 BP. Weak soil formation took place on the lake 
bed between 8000 BP and about 7500 BP. Trees invaded the lake floor after 7500 BP and 
lacustrine activity between 7500 BP and the artificial flooding 60 years ago was restricted 
to occasional floods in years of exceptional rainfall. 
Similarities in the dating between Kow Swamp and Lake George are inescapable, as are 
the inconsistencies with the chronology from Lake Tyrrell. The dilemma could be resolved 
if the major source of water flowing into Kow Swamp was the Murray River via Gunbower 
and Taylor's Creeks. Unfortunately Macumber (1977) considers the bulk of the water 
feeding Kow Swamp originated in the Central Highlands in Victoria not far from the 
headwaters of the Avoca River and Tyrrell Creek, source of floodwaters entering Lake 
Tyrrell. As a result the records from Kow Swamp present a serious challenge to the 
chronology of sedimentation in Lake Tyrrell. 
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A similar challenge is presented by the hydrological history of lakes associated with the 
Wimmera River, a northwards draining river which rises in the Victorian Central 
Highlands in the same general area as does the Avoca River. A sandy beach 11 metres 
above the lake floor provided a date of 7640 BP (Macumber 1983). A high lake stand at 
this time could be accommodated by the Lake Tyrrell chronology if allowance is made for 
error terms on the dates and the individualistic lake responses to be expected as a result of 
differing catchment characteristics, but a second beach only one metre above the lake bed, 
dated to 7280 BP, provides some problems. Macumber (1983) interprets the beaches as a 
regressive sequence marking a rapid and drastic reduction in lake level following high 
lake levels in the early Holocene. Macumber is cautious about when the lake levels rose, 
but Ross (1981) is less restrained in correlating high lake levels at Pine Plain with those 
at Kow Swamp. The notion of rapidly falling lake levels between 7600 BP and 7200 BP, 
with complete drying after 7200 is difficult to reconcile with events at Lake Tyrrell whose 
dates suggest the lake was falling throughout the interval. 
As yet there are insufficient sites in the northwestern Victoria region to really come to 
terms with the conflicting chronologies from Kow Swamp, Pine Plain and Lake Tyrrell. 
The scope for further work is almost unlimited. It would be of particular interest to 
analyse records from Lakes Hindmarsh and Albacutya or the Wimrnera River as checks on 
the Pine Plain chronology. These lakes act as buffers between the river system and Pine 
Plain, and may well be more comparable with Lake Tyrrell than is the currently inactive 
terminal lake at Pine Plain. 
Until the position is clarified by more dates from a wide range of sites, it is as well to bear 
Macumber's (1983) cautionary note with respect to individual lake responses to climatic 
change in mind. The chronology of lake level change and sedimentation described in this 
chapter will form the basis for an analysis of vegetation change around the lake. Revision 
and refinement of the chronology is both inevitable and desirable. 
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CHAPTER 7 
The Fossil Pollen Record : 
Holocene Vegetational Changes around Lake Tyrrell 
7.1 Introduction 
This chapter describes and analyses fossil pollen spectra recovered from the Holocene 
sediments of Lake Tyrrell and attempts to relate changes in vegetation to hydrological 
events described in the previous chapter. The long core from Site 2 is the key to 
interpretation of vegetation history around Lake Tyrrell, but an exploratory series of 
samples from Site 1 can still be used to confirm the timing and direction of changes 
identified from Site 2. 
7.2 Methods 
A total of 141 samples were analysed from Site 2 and a further 52 from Site l. Each sample 
comprised a 0.5 cm thick slice of sediment cut from an 80 mm diameter core split 
longitudinally. The slice was carefully cleaned and stored in vials prior to processing. At 
Site 2 continuous 0.5 cm to 10 cm, then alternate half centimetre thick slices were collected 
for pollen analysis. At Site 1 sampling was less intensive to speed sample tum over during 
early stages of the study. Alternate 1 cm slices were taken from this core. 
7.2.1 Sample preparation 
Preparation of the samples provided a number of problems. Sediments from the lake 
contain little organic matter (Teller et al 1982) but contain a great deal of gypsum. These 
characteristics mean a relatively large volume of sediment must be processed to ensure 
recovery of enough pollen for a reasonable pollen sum to be counted. Five cubic centimetres 
(cm3) of sediment were used in each pollen sample. This volume of material proved 
adequate for all sediments encountered, except for levels below disconformity A where 
pollen are particularly sparse. Material not used in initial pollen processing was retained 
as a reserve in case of laboratory accidents and for use in sedimentary analyses. 
Extraction of pollen from the sediment followed a schedule of physical and chemical 
methods modified from a regime devised by David Moser of the Department of 
Biogeography and Geomorphology, Australian National University. Individual steps are 
described fully in Gray (1965) and in Faegri and Iversen (1975). The processing schedule 
was as follows: 
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1 Boil 10 mins in 10 percent hydrochloric acid 
2 Wash twice in distilled water 
3 
4 
Stand 12 hours in 40 percent hydrofluoric acid 
Change acid and boil further two hours 
Boil 10 mins in 10 percent hydrochloric acid 
5 Wash twice in distilled water 
6 
7 
Filter through nylon curtain material 
(mesh size approximately 100 microns) 
Add zinc bromide solution (specific gravity 2.0) 
Mix thoroughly and centrifuge 15 minutes at 
1800 r.p.m. At the end of the centrifuge cycle 
pipette floating organic fraction into a second 
test tube and retain for further processing. 
8 Re-mix sample remaining in the zinc bromide 
and repeat centrifugation (at 2500 r.p.m.) and 
retain floating fraction. 
Function 
Removes carbonate 
Removes silicate minerals 
Removes fluorides generated in 
step 3 
Removes remaining sand and 
gypsum 
Density separation of organic and 
fine inorganic fractions. 
9 Dilute retained floating fraction with glacial Dilutes ZnBr2 to allow settling 
acetic acid. Wash twice with glacial acetic acid of organics during centrifugation; 
removes remaining ZnBr2. 
10 Acetolise sample; boil for 5 minutes 
11 Wash twice with glacial acetic acid 
12 Wash twice in absolute alcohol 
13 Wash twice in tertiary butyl alcohol 
14 Add known volume of AK 2000 Silicon Oil 
and store for counting 
Removes organic matter. 
Removes traces of acetolysis 
mixture 
Dehydrates sample 
Twenty well mixed microlitres of the residue were placed on each slide. The cover slip 
was sealed in place with melted wax and the sample counted immediately. 
Several improvements could be made to this preparation schedule. One might be to make 
more extensive use of suction and filtration in place of the pipetting of floating organics (as 
described by Oark 1983). This would improve recovery of pollen, but experiments suggest 
that some adjustments must be made to the specific gravity of the zinc bromide solution if 
filtration is to proceed reasonably rapidly. A second area of improvement would be to 
make use of a dispersing agent (such as calgon) and judicious decanting to separate gypsum 
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crystals from the finer clay fraction in early stages of processing. This would improve the 
ability of hydrofluoric acid to remove silicates, as gypsum often forms a solid crust which 
seals the sample and prevents free access of the acid to the clays. It would also reduce the 
risks associated with breaking the crust apart during processing. Experience shows that 
there is some scope for reducing sample volumes processed from certain sediment facies 
(especially from parts of Unit 2), but for the most part, pollen are too sparse to reduce 
sample sizes appreciably. 
7 .2.2 Measurement of gypsum content 
The presence of secondary gypsum crystals in pollen samples can significantly affect the 
volume of potentially pollen bearing material fonning each pollen sample. Accordingly 
the percentage of each pollen sample formed by gypsum was estimated following a 
procedure devised by Jim Caldwell (Department of Biogeography and Geomorphology) 
and this figure was used to correct pollen concentration calculations described below. 
Sediment left after removal of the pollen sample was dried (at S0°C to avoid changing 
gypsum [CaS04 2H20] to bassenite [CaS04 1/2 H20]) and ground until it could be passed 
through a 250 micron sieve. One hundred grams of the powdered sample were then 
digested in 70 ml of 2 N-HCI at SOOC (usually overnight). 
The sample was then passed through a suction filter; solids trapped on the filter were 
then discarded. The solution was made up to a volume of 70 ml with distilled water (still 
at SOOC) and one gram of barium chloride was added. A precipitate of barium sulphate 
formed and settled to the bottom of the beaker. The liquid was decanted and replaced 
with hot distilled water. Precipitates were allowed to settle again, and the water 
decanted again. Barium sulphate at the bottom of the beaker was then sieved and 
weighed. An estimate of the volume of gypsum represented by barium sulphate can be 
obtained by multiplying the dry weight of barium sulphate by 0.24. 
7 .2.3 Pollen counting and identification 
Pol1en counts were made on a Zeiss Ortholux microscope at 400 times magnification unless 
a closer inspection was required to confirm an identification. Counts were made along 
transects spaced evenly across the slide to avoid problems resulting from uneven 
distribution of pollen. The spacing of transects on each slide was decided by quickly 
assessing the amount of pollen on the slide and estimating the number of transects required 
to reach the pollen sum. Counts were continued until the whole slide was covered; the 
pollen sum was regarded as a minimum target. With some particularly sparse samples, 
the entire residue was placed on the slide. In these instances all transects were counted. 
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In all other samples counting continued until a minimum of 250 grains had been identified. 
Many more were counted in most samples. Choosing a count size can influence the apparent 
species composition of a pollen assemblage. Too small a count may miss important taxa 
found in low frequencies, while too large a count adds little significant information at the 
cost of considerable time and effort. One way of selecting an optimum count size is to plot 
the number of taxa recorded against numbers of pollen counted. A species I numbers curve 
plotted for several samples in the highly polleniferous sediments of Unit 2 (Fig 7.1) 
suggests nearly half the taxa identified are encountered in the first 50 pollen counted. By 
the time 200 grains have been counted virtually all taxa have been recorded. On this basis 
the minimum count size of 250 grains employed in this study would yield a reasonable 
cross-section of the taxonomic composition of samples from the richest part of the sequence. 
From the less pollen rich parts of the sequence a count of 250 grains is probably overly 
conservative. 
Count size also affects the information content of statistical calculations used to interpret 
the raw data. Even percentages are vulnerable to small pollen counts. A count of 200 
dryland pollen is often considered an adequate base for calculation of pollen percentages. 
Adopting a minimum count of 250 should ensure that statistics relating to the more common 
taxa, at least, should be reliable. 
In addition to pollen, most of the samples from Lake Tyrrell contained charcoal. The 
charcoal particles were counted according to the method described by Clark (1982). This 
technique uses a series of points applied randomly to the slide. Points landing on charcoal 
are recorded and the area of charcoal (in cm2> found in the sample is calculated from the 
ratios of hits to misses. The use of presence/absence data in these calculations avoids many 
of the unquantifiable value judgements which attend procedures which involve counting of 
charcoal particles. 
Pollen identifications were based on reference material held in the Department of 
Biogeography and Geomorphology pollen collection, supplemented by pollen from plant 
specimens collected during fieldwork. Plants were identified by staff of the National 
Herbarium in Melbourne. Reference slides made from these specimens are housed in the 
Department of Biogeography and Geomorphology. 
7 .2.4 Construction of pollen diagrams 
The pollen diagrams which form the foundation of pollen studies at Lake Tyrrell were 
constructed with the POL.STA pollen and time series analysis program written by D. Green 
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FIG.7.1. Species-numbers curve from Unit 2, Lake Tyrrell. Note decline in additional species after 210 grains counted. 
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(Department of Biogeography and Geomorphology) and operating on the Research School 
of Pacific Studies D.E.C. 10 mainframe computer. This program permits quick and easy 
manipulation of pollen data and allowed a reasonably large number of samples to be 
analysed. POLST A contains a number of statistical routines which can be used to analyse 
pollen (or tree ring) time series (Green 1983). Not all of these techniques proved 
applicable to the Lake Tyrrell data set but the more robust routines were invaluable. 
Pollen diagrams presented in this thesis are of two basic types. The first group of diagrams 
present 'absolute' pollen data; that is data based upon actual numbers of pollen recovered 
from the lake. Where adequate dating is available, 'absolute' data are often expressed as 
pollen accumulation rates (or pollen influx) which estimate the amount of pollen 
accumulating on each square centimetre of the site each year. At Lake Tyrrell, where the 
chronology cannot resolve changing sedimentation rates, attempts to calculate pollen 
accumulation rates would be needless sophistication. Accordingly absolute pollen data 
from Lake Tyrrell are expressed only as pollen concentrations (pollen grains/cm3) 
calculated from the formula: 
concentration = 
Where Vl = volume of material in the vial 
v = volume on slide (generally 20 microlitres ) 
N = number of pollen on the slide 
V2 = volume of initial sample (5 cm3) 
Pollen concentrations were used in the majority of statistical calculations and are also used 
to investigate aspects of pollen deposition and preservation which affect interpretation of 
the pollen diagrams. 
The second group of diagrams present pollen percentages from Site 1 and 2. Pollen sums used 
to calculate these percentages were: (1) total native pollen and spores and (2) a modified 
pollen sum excluding Chenopodiaceae, Tertiary age pollen, aquatic pollen and pollen from 
introduced ta:xa. In a couple of instances, specific taxa, most notably Callitris, were 
excluded from the usual pollen sum to explore their respective effects on the pollen 
diagrams. These diagrams are of interest when assessing the validity of interpretations 
based on pollen assemblages dominated by a particular taxon. 
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The pollen sum 
Selection of a pollen sum is a critical step in developing an argument based on pollen 
percentages. Over-representation of taxa growing near the core site can easily mask 
changes in vegetation reflected in the regional or extra local pollen rain and seriously 
affect interpretation of the pollen record. The impact of local pollen sources at Lake 
Tyrrell is likely to have been minimal. Modem pollen studies at the Lake (see Chapter 5) 
suggest the only identifiably over-represented pollen type is the Chenopodiaceae, an 
understandable finding as these plants occupy areas likely to contribute significantly to 
local runoff from the lake surrounds and Chenopodiaceae pollen appear to be 
predominantly transported by surface water. At a more theoretical level, the sheer size of 
the lake acts to reduce the importance of local pollen sources. 
Studies of modem pollen dispersal suggest that the immediate influence of local 
vegetation on pollen accession to lakes and swamps decreases rapidly in response to 
increasing distance from the pollen source (Janssen 1973, Jacobson and Bradshaw 1981, 
Prentice 1985). Dodson (1983) drew attention to the comparatively restricted ability of 
many Australian plants to disperse pollen. More than 70 percent of taxa analysed by 
Dodson (1983) were considered to be local elements (ie taxa whose pollen travel 10 m or 
less), while only 10 taxa were confidently considered regional (appreciable numbers occur 
more than 100 m from the source) types. 
Site 2, the main core site, lies at least 1500 metres from the nearest area suitable for plant 
growth at any time during the Holocene. Pollen reaching this site by wind would, 
therefore, tend to be regional in character and not subject to problems associated with over 
representation of nearby taxa in percentage calculations. Once deposited on the lake floor, 
processes of sediment transport and deposition may affect the composition of pollen 
assemblages preserved in the sediment (see Chapter S) but the problems these changes 
pose for analysis of the regional vegetation can be better addressed by a conservative 
approach to the interpretation of changing pollen percentages in different parts of the core 
than by manipulation of the pollen sum. 
Zonation of the pollen diagrams 
Two further peculiarities of the pollen diagrams deserve some explanation. Zonation of 
pollen diagrams serves an important function by highlighting significant intervals in the 
sequence. Ideally variation within the zones is less than that between zones (Walker and 
Wilson 1978), with the boundaries between zones, therefore, representing periods of 
systematic change in the criteria upon which the zonation was based. Zonation schemes 
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are many and varied, ranging from visual assessment of all (or a select few) taxa to 
numerical methods intended to introduce a degree of objectivity to the analysis of pollen 
data (Dale and Walker 1970, Walker and Wilson 1978, Birks and Gordon 1985). 
At Lake Tyrrell, the presence of distinctly different sedimentary fades carries with it the 
possibility that rates of sediment accumulation have also changed, although such changes 
cannot yet be resolved by the radiocarbon chronology. As a result, use of a purely numerical 
zonation scheme based on 'absolute' pollen data to isolate periods of significant 
vegetational change could fall victim to changes related to sedimentary processes instead. 
Zonation of the Lake Tyrrell pollen diagrams reflects the stratigraphic discontinuities so 
obvious in the stratigraphy. Major pollen zone boundaries are placed at levels which 
correspond to changes in sedimentary and hydrological regime to minimise the impact of 
altered depositional processes within the zone . . 
Identification of the zones is aided by the sequence splitting routine included in POLST A. 
Variance splits (Walker and Pittelkow 1981) identify sections of the core where 
abundances of individual taxa display significantly different mean or variance (Green and 
Dolman 1988). Levels which feature splits for many taxa identify periods of instability 
(Walker and Pittelkow 1981, Green 1982, 1983) which can be investigated further. 
Variance splits from Lake Tyrrell are used in this indicator role, picking out areas of 
interest and reinforcing the decision to base zonation on intervals of uniform sedimentary 
facies. 
Confidence intervals 
One of the major problems encountered when interpreting pollen diagrams is deciding how 
representative pollen counts made from sub-samples are of the total population of pollen 
contained in the sample as a whole. Rigid adherence to sampling and preparation 
schedules can minimise experimental errors arising from these sources, but it is not often 
that the statistical reliability of pollen counts is considered. 
Dolman (1987) has used the confidence interval (Mosimann 1965, Johnson and Kotz 1969) as 
a test of both the consistency and accuracy of laboratory techniques and the statistical 
significance of changes in 'absolute' and percentage data. At Lake Tyrrell the confidence 
interval, as calculated by a computer program written by Dolman, was used to help decide 
whether changes in percentages derived for samples with widely varying count sizes have 
any statistical relevance. 
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The confidence interval statistic is based on standard deviations calculated for a suite of 
taxa in each sample. Standard deviations cannot be calculated for single pollen types, but 
when a range of taxa is considered, binomial (Mosimann 1965) or multinomial (Johnson and 
Kotz 1969) distributions may be assumed, allowing computation of the standard deviation 
to proceed using the formula: 
where 
S.D. = [p (1-p)/St]112 
p is the proportion of a pollen type in a count and 
St is the size of the count 
The 95 percent confidence limit corresponds to a spread of two standard deviations; 
confidence intervals calculated for percentages are 100 times those of the proportions 
(Dolman 1987). It is obvious that confidence intervals are intimately related to count size. 
Small pollen counts produce wide confidence intervals and vice versa. Changes in pollen 
percentages which exceed the 95 percent confidence limit can be considered statistically 
significant. For changes insufficient to cross this threshold the reverse is probably true. 
7 J Descriptions of the pollen diwams 
7 .3.1 Pollen concentrations and pollen concentration diagrams 
The concentrations of pollen occurring in a sediment sample depend on a number of 
variables. High rates of pollen input in relation to sedimentation yield high pollen 
concentrations. Conversely, relatively high rates of sedimentation may dilute pollen 
inputs and reduce the pollen concentrations which result. Differing degrees of pollen 
preservation further complete the story. In these circumstances, it makes little sense to 
closely analyse individual fluctuations in pollen concentration in the hope of discerning 
changes in vegetation. Nevertheless, a more general consideration of patterns of pollen 
concentration in the sediment column is a useful way to begin assessing the information 
content of assemblages of fossil pollen recovered from the lake. 
Total concentrations of pollen in the sediments of Lake Tyrrell are clearly related to a 
combination of differing rates of sedimentation and differences in the conditions which 
govern preservation of pollen. Concentrations of pollen are not likely to reflect densities of 
vegetation or rates of pollen production in any significant way. 
Below disconformity A virtually no pollen are preserved (Fig 7.2). This is a function of the 
drastic changes in hydrological regime which have occurred periodically during the time 
represented by the Tyrrell Beds. Thin sections of the sediments associated with 
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disconformity A contain indications of intensive shrinking and swelling, probably as a 
result of wetting and drying of the lake floor under a strongly seasonal climatic regime. 
Whatever pollen grains were once preserved in the deep-water clays below disconformity 
A have apparently been lost by oxidisation, corrosion or erosion. The impact of this event 
was quite widespread, affecting pollen in cores from Sites 1 and 2, and also in laminated 
lacustrine sediments sampled from an equivalent depositional environment beneath Folly 
Point (Fig 7.3, Plate 7.1). This latter observation is particularly interesting, as the 
sediments concerned are dark grey laminated clays similar to those of Unit 2, and show 
none of the characteristics of desiccation which are found below disconformity A in the 
cores. The mechanism involved in destroying pollen in such a setting is unclear. It may 
well be a product of the peculiar groundwater chemistry in the basin (Macumber 1983) and 
points to an urgent need for specific studies of pollen preservation in salt lake 
environments. 
Pollen concentrations in Unit 3 are uniformly low, averaging approximately 70 grains per 
cm3. These low concentrations are understandable, as Unit 3 appears to have been 
deposited under palynologically trying conditions of ephemeral flooding, considerable re-
working and re-distribution of sediment, accompanied by periods of desiccation. Many of 
the pollen recorded from Unit 3 show signs of corrosion, abrasion or breakage consistent 
with a rigorous chemical and mechanical environment. In retrospect, it would have been 
useful to record populations of degraded pollen - next time perhaps! 
An additional factor which might contribute to low pollen concentrations in Unit 3 is the 
possibility that the unit accumulated rapidly, effectively diluting pollen inputs from the 
catchment. Until better radiocarbon dating is available, the role of changing 
sedimentation rates in governing pollen concentrations in Unit 3 must remain unknown, to be 
home in mind but tested later. 
The transition to Unit 2 marks a dramatic increase in pollen concentrations. The rise begins 
in the enigmatic thin clay layer on the boundary between Units 2 and 3, but the really 
dramatic rise takes place in the laminite zone proper. Pollen concentrations appear to 
decline from high levels between 90 cm and 100 cm to 40 cm, where a different regime 
holds sway. 
This general decline in pollen concentration is difficult to explain without resort to a 
reduction in the rate of pollen input when compared to sedimentation. Pollen preservation 
is excellent throughout the section, reducing the likelihood that destruction of pollen is a 
significant factor. In this sense, pollen concentrations seem to parallel the apparent lake 
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level history within Unit 2, raising the possibility that changing rainfall conditions, in 
the medium term, are controlling the accession of pollen to the lake. Whether this control 
is exerted through more rigorous or regular flowering of plants in the pollen catchment, or 
by more effective inwash of pollen is also unclear. 
A notable feature of pollen concentrations within Unit 2 is the wide variation occurring 
between individual samples. The explanation of this variability of concentrations begins 
with consideration of Fig 7.4. In this diagram pollen concentrations are plotted in 
conjunction with thicknesses of lamination. The initial impression from this diagram is 
that intervals of thick lamination correspond to intervals of relatively low pollen 
concentration. This impression is reinforced by an attempt to correlate concentrations with 
thickness of lamination. 
The original pollen sampling strategy was not geared to analysing relationships between 
pollen and lamination, so it is not possible to directly compare the pollen content of 
individual laminae. Instead it was decided to average the pollen concentrations found in 
packets of laminae grouped either as dominantly thick or dominantly thin. Thicknesses of 
the laminae in each packet were also averaged for comparative purposes. This procedure 
obviously reduces the sensitivity of the analysis, but has the virtue that trends identified 
are likely to be important. 
A Pearsons product moment correlation coefficient between average thickness of 
lamination and average pollen concentration yielded r = 0.607 (n = 19). With a critical 
value for r at the 0.01 level of 0.503, the calculated correlation is statistically significant. 
In this analysis, the thickness of lamination alone accounts for 36.9 percent of the total 
variance <r2 = 36.9 percent) in pollen concentration. 
The simplest explanation of this pattern lies in the processes controlling laminite 
deposition. In Chapter 6 it was argued that thick laminae represent major floods which 
bring large amounts of dissolved salt and elastic debris into the lake. Packets of thick 
laminae therefore represent intervals in which large floods occurred relatively often, and 
are probably periods of relatively rapid sedimentation. Where laminae are thin, the 
opposite holds true - sedimentation was slowed by a relatively inactive hydrological 
system. It seems likely that these differing rates of deposition hold the key to 
understanding the different concentrations found in thick as opposed to thin packets of 
laminae. The high rates of deposition in thick laminae apparently dilute pollen inputs 
with inorganic matter, whereas slow deposition in thin laminae effectively concentrates 
the pollen arriving on the lake bed. 
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Plate 7.1. Gypsum clay laminite underlying aeolian gypseous clays in Folly Point. The 
aeolian clays form the grey lunette; the contact between aeolian clay and 
laminite is disconformity A. Samples of laminite from this locality contained 
no pollen. 
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This finding emphasises the conclusions reached from modern pollen studies (Chapter 5) -
in a salt lake such as Lake Tyrrell, the influence of airborne pollen accession is far greater 
than that of pollen brought into the lake as a stream borne component. The steady airborne 
input of pollen is easily affected by what are, in absolute terms, very minor variations in 
sedimentation rate. In other settings, such as bogs or permanent lakes, flushes of water 
entering the system would more than likely bring a pulse of pollen with them (Green et al 
1988, Bonny 1978). The difference between Lake Tyrrell and these more 'normal' sites is 
twofold. Firstly, the local catchment for both water and waterborne pollen is extremely 
restricted as a result of low relief and the high permeability of soils surrounding the lake. 
Secondly, even in the wetter times implied by the mineralogy and structure of Unit 2, long 
periods of drought would have been a feature of the environment. Such conditions in a 
relatively warm environment are not conducive to the preservation of pollen in a soil bank 
or store which can be washed to the lake during floods. Pollen landing on the soil surface 
is, therefore, very unlikely to survive long enough to find its way into the lake as an 
overland transport component of total pollen influx. 
Above 40 cm, pollen concentrations decrease and remain consistently low until a depth of 
approximately 11 cm is reached. This interval of low total pollen concentration thought to 
be the result of drier lake conditions which allowed active oxidation of lake sediments 
and the pollen they contained. Evidence for the occurrence of oxidising conditions was 
presented in Chapter 6, with the presence of ferruginous mottling in the sediment a 
primary indicator. In general, oxidising conditions are inimical to the preservation of 
pollen (Birks and Birks 1981) especially when repeated cycles of wetting and drying are 
involved. The impact of poor preservation conditions is once again seen in a slight increase 
in the proportion of degraded pollen grains in the counts, although the levels are lower 
than in Unit 3. 
Uncharacteristically, the decline in pollen concentrations at 40 cm does not correspond to 
any obvious stratigraphic boundary. Lamination characteristic of Unit 2 is visible to at 
least 32 cm in dried cores and the unit boundary is placed at this level. There is a strong 
possibility that the dry conditions prevailing in lower parts of Unit 1 contributed to 
destruction of pollen in about eight to 10 cm of the underlying sediments. The significance 
of this effect is hard to assess without delving into pollen percentage data as well as the 
concentrations, but it is important to point to a potential problem which will be addressed 
later. In essence it appears that the vegetation responded earlier to changing conditions 
than did the lake. Stratigraphic signals of changing conditions may also have been 
blurred by the abundance of secondary gypsum which grew in response to subsequent 
groundwater conditions. 
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Above 11 cm, pollen concentrations begin to rise steadily, largely in sympathy with 
improving hydrological conditions. By the time black sulphide enriched clays indicative 
of continuing saturated conditions are encountered, concentrations have stabilised at a 
level roughly equivalent to those found mid way through Unit 2. 
The role of gypsum in modifying pollen concentrations requires some attention. The 
occurrence of gypsum in sediments used for pollen analysis could theoretically reduce 
pollen concentrations dramatically by replacing fine grained, pollen bearing elastic 
sediment with crystals which are (a) generally free of sediment inclusions and (b) sieved 
from the samples at an early stage in preparation. Samples containing an abundance of 
gypsum would there be expected to contain fewer pollen than those comprised dominantly 
of day. The high rate of deposition postulated for laminae of hemipyramidal primary 
gypsum may further dilute pollen concentrations in samples which include such laminae. 
The gypsum content of samples analysed for pollen from Site 2 is plotted as Fig 7.5 . The 
gypsum content of sediments of Unit 1 are comparatively low (averaging about 20 percent 
by weight). Most of the gypsum in this unit is of secondary origin and many of the crystals 
show signs of abrasion through transport. These gypsum crystals are not in situ but still 
provide a barren matrix within sediment samples. Although gypsum is a comparatively 
small part of the sediment in Unit l, pollen concentrations are also low and conditions 
governing preservation of pollen appear to have been of overriding importance. 
In Unit 2 gypsum is abundant. Percentages are slightly lower towards the base of the unit 
where thick clay laminae occur (see sample at 89.5 to 90 cm which was almost entirely 
clay from a single lamina) and much lower at the very base where pollen samples were 
collected from between large selenite crystals. Gypsum percentages decline above 
approximately 30 cm (broadly coincident with the end of laminite deposition and the 
increasing importance of discoidal secondary gypsum) and plummet in the active bacterial 
layers marked by black, sulphide rich clays. 
Pollen concentrations appear to be quite independent of these changes in gypsum content, 
with decreasing gypsum content of sediment samples matched by decreased pollen 
concentration between 40 cm and 11 cm, where further decrease in gypsum is matched with 
rises in pollen concentration. 
The overall lack of obvious correspondence between gypsum percentages and pollen 
concentration is confirmed by suitably weak correlation coefficients of 0.234 (Site 2) and 
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0.265 (Site 1) calculated for total pollen versus gypsum percentage. Neither correlation 
coefficient is statistically significant and I believe it is safe to conclude that the role of 
gypsum in regulating pollen concentrations in Lake Tyrrell is minimal. At best removing 
gypsum from the volume of sediment used in calculating pollen concentrations displaces 
the curve to the right (Fig. 7.6) without making any significant change to the patterns it 
records. As a result, none of the pollen concentrations used in this thesis has been corrected 
to allow for gypsum content of the sample. 
The generalised pollen concentration patterns discussed above have very near parallels in 
concentrations of pollen produced by individual taxa. A degree of similarity is only to be 
expected, but where a signal from changing vegetation is involved, some differences may 
be expected in the concentrations of pollen from taxa growing in different parts of the 
catchment. Conversely if sedimentary controls or presentation conditions are paramount 
the differing abilities of pollen to disperse and survive will be merged into a more uniform 
whole. 
The most convenient way to test this proposition is to select taxa from Fig. 7.7 which 
contrast in their palynological characteristics. Callitris is a tree which probably grew in 
dunefields surrounding the lake. The fragility of Callitris pollen is such that it is 
unlikely to survive either prolonged soil storage or overland transport and still be 
recognisible in a pollen preparation. The chenopods are shrubs which occupy saline sites 
adjacent to the lake, as well as low lying fine textured soils within the dunefield. Most of 
their pollen is delivered to the lake via surface wash (Chapter 5). The final variable to 
be considered here is the carbonised particle count. Carbonised particles are generally 
believed to be finely comminuted charcoal washed and blown into sites of sedimentary 
accumulation (Oark 1983). Unlike pollen, production of carbonised particles is not directly 
related to flowering behaviour of the plants but rather to fire behaviour, which in a semi-
arid environment is regulated by rainfall and the growth of a herbaceous fuel bed 
(Macarthur 1972, J.C. Noble 1989). Carbonised particles can have a reasonably lengthy 
residence time in the soils, so that where rainfall and runoff is erratic it is safest to treat 
them as a general indicator of fire activity and surface wash. Fires are not common in 
chenopod dominated communities and most charcoal in Lake Tyrrell probably derived 
from the western slopes of the lake basin where sandy soils and mallee vegetation were 
the norm. 
As can be seen in Fig. 7.7, all three indicators behave in an almost identical fashion, 
paralleling the total pollen curve to a remarkable degree. This close correspondence 
between local and extra-local pollen types, coupled with the additional support lent by 
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parallel behaviour of carbonised particles are thoroughly consistent with the kind of 
sedimentary control (exerted by rates of sedimentation and conditions affecting pollen 
preservation) on pollen numbers favoured in discussion above. 
The point of this discussion has been to point to some of the limitations which attend the 
analysis and interpretation of pollen assemblages from a salt lake. These lakes provide a 
rigorous preservation environment, particularly at times when water levels are lowered. 
Destruction of pollen at such times is a real possibility. At Lake Tyrrell destruction by 
corrosion and oxidisation seems to typify conditions prevailing during Unit 1 times. The 
effects of this destructive phase were felt in the upper parts of Unit 2 where sediments 
indicative of pennanent lake conditions were denuded of pollen. Pollen deposited in Unit 3 
received a thorough mechanical battering in addition to chemical stresses. Even within 
Unit 2 where near ideal conditions for pollen preservation prevailed, pollen 
concentrations are affected by short term variations in sedimentation rates, changes which 
cannot be resolved by the radiocarbon dating so far available. It is extremely unlikely 
that a chronology detailed enough to resolve the full complexity of Holocene deposition in 
Lake Tyrrell could be justified on economic grounds, rendering impracticable any attempt to 
pursue a course of fine resolution pollen analysis such as was pursued by Green et al (1988), 
Dolman (1987) or Dodson (1988) in more congenial environs. Coupled with indications that 
the surface of Lake Tyrrell is a dynamic system quite capable of changing the composition 
of pollen assemblages in surface samples (Chapter 5), these difficulties call for caution in 
the interpretation of pollen data. In this instance it means abandoning any attempt to 
employ 'absolute' pollen data in favour of percentage based methods, with the attendant 
risks posed by differential destruction of less robust pollen types (such as Callitris ) 
having occurred. 
7.3.2 Pollen percentages - diagrams and analysis 
Zone characteristics 
The rationale for adopting a pollen sum based on total pollen from native taxa occurring in 
pollen counts has been discussed earlier in the chapter. In this section I will attempt to 
justify this decision by comparing pollen diagrams based on the proposed sum of total 
pollen and spores belonging to native taxa with diagrams constructed using a pollen sum 
adjusted to remove the influence of particular pollen types. A complete description of 
diagrams to be used in analysis of the palaeoenvironmental history of Lake Tyrrell will 
be presented in due course. The first step, however, is to establish the descriptive 
framework offered by a pollen zonation scheme conunon to all diagrams. 
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The first zone boundary, naturally enough, is placed at the base of Unit 3, where useful 
quantities of pollen begin to be found in the sediments. At Site 2 the second zone boundary 
occurs at 100 cm, coinciding with the change from Unit 3 to Unit 2. This boundary is marked 
by a peak in the number of variance splits (and thus a significant change in the mean or 
variance in pollen concentrations for many taxa) spread over a distance of approximately 
two centimetres (Fig. 7.8) The large numbers of variance splits occurring at this level 
reflects the abrupt change in sedimentary style and pollen preservation conditions which 
prevail in Units 2 and 3, however, the climatic fluctuations these changes imply has left a 
mark as the proportions of taxa found in each unit as well. Thus the change from Unit 3 to 
Unit 2 is also reflected in the percentage composition of pollen spectra. The boundary is 
significant in both percentage and concentration terms. 
The next zone boundary, again affecting both pollen percentages and concentrations, occurs 
at 39 cm. This boundary does not directly reflect the end of Unit 2 deposition, but as argued 
above, probably corresponds to changes in hydrological parameters leading to drying of 
the lake. 
A final zone boundary occurs at 11 cm, marking the recovery of groundwater levels noted in 
the upper portions of Unit 1. The boundary is characterised by recovery of pollen 
concentrations for all taxa, a cluster of variance splits and percentage changes for most of 
the major pollen taxa. 
The local pollen zones these boundaries circumscribe are: 
ZONE DEPTH(cm) 
LT2-4 130-100 
LT2-3 100-39 
LT2-2 39-11 
LT2-1 11-0 
In pollen diagrams for Site 1 the same zone boundaries can be recognised. Pollen zones 
applicable to Site 1 are: 
ZONE DEPTH(cm) 
LTl-4 96-58 
LTl-3 58-19 
LTl-2 19-8 
LTl-1 8-0 
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The time spans occupied by each of these pollen zones can be estimated from the age-depth 
curves already used to investigate the age structure of sediments in the lake (Fig. 7.9). The 
close correspondence between pollen zone boundaries and stratigraphic boundaries is 
emphasised, as is the similarity of ages for those pollen zone boundaries not directly 
linked to sedimentary features . Zones LT2-4 and LTl-4 represent times between about 
10,000 BP and 6600 BP when sedimentary Unit 3 was being deposited. Pollen zones L T2-3 
and LTl-3 represent the laminites of Unit 2, beginning at 6600 BP, but ending between 2500 
BP and 2200 BP, a period some hundreds of years shorter than that in which laminites 
were deposited. The dry period between 2200 BP and 800 BP is represented by zones L T2-1 
and LTl-1. 
These dates are the starting point for later discussion of vegetation changes around the 
lake. It may be argued that the coincidence between pollen zones and sedimentary 
boundaries is an indication that depositional processes overshadow any ecological signal 
contained in the pollen data. Patterns of change seen in the percentages however, strongly 
suggest that changes relate to fluctuations in environmental conditions reflected in changes 
in relative abundances of ta:xa contributing pollen to the lake. 
Pollen percentage diagrams 
Over 100 taxa have been recognised in pollen counts from Lake Tyrrell . The vast majority 
occur once or twice only or in vanishingly small percentages and are not included in the 
pollen diagrams (see Appendix 2 for raw data). Major taxa are plotted in Fig. 7.10 and 7.11 
as percentages of total native pollen occurring in each count. These taxa have the greatest 
chance of recording statistically significant changes in pollen percentages, and are also 
the clearest guide to the response of vegetation to changing hydrological conditions. Each 
of the taxa appearing in the summary diagrams will be described individually. 
Callitris pollen occur throughout the Holocene sedimentary sequence, but vary 
considerably in percentage representation. In Zone 4 of both sites, percentages are low, but 
rise abruptly at the boundary between Zones 4 and 3. In Zone 3 Callitris pollen average 
about 15 percent of the total and peak at 40 percent near the top of the zone. There is a 
trend towards higher percentages of Callitris pollen above 80 cm, with a tendency to 
fluctuate over a vertical interval of about 2 centimetres. A distinct drop in percentages 
occurs between 49 cm and 45 cm, followed by a marked rise which persists to the zone 
boundary at 40 cm. In Zone 2 Callitris is again a rare taxon and maintains a level less than 
5 percent to the top of the zone at 11 cm where percentages begin to rise again. A rapid rise 
occurs at about 5 cm, persists for a further 2 cm and decreases equally abruptly in the 
uppermost samples of the diagram. 
'<.-~ 
"" ,p 
"?-" 
POLLEN o" 
" ZO NE 20 5 10 1 ~ 
- - --
- - -
- - - -
L T2--1 
IO~<>o 
0 ~ ,/> 
oO ~ () 
0 () () 
<> () 0 
Q 0 () () () <> ~ 
10 
20 
LT2 2 
30 
- 40 
50 
60 
LT2- 3 
70 
80 
Q<gd 90 
- - - -
' -
100 
-
.,/ 
-
1--. / 
1/--
- /_ 
110 
LT2-4 
120 
-
" / I 
.:::::: '- 1 130 
- - ·- -
- - -
140 
I ~ ~I 
FIG.7.8. Pollen concentrations and numbers of variance splits, Site 2. 
Note number of splits around lOcm, 40cm and 1 OOcm. 
0 
+ 2397 
+ 2711 """ + 2T70 
mr+ ~ 
+ 27g) 
' 
o h~11e 
- l:ja:lc clav 
m dav 
~ disolao~ gypsum 
gm.me 
' 
' 
m reWO<ked aeol•an clay 
~ ca<txnate 
~ lacusaone day 
2 3 4 5 6 
' 
' 
' 
" 
' 
' 
' 
' 
8 9 10 11 
Sole 
I 
<Jeolt'(crn) 
-+- 2016 ( t-01\' Pont J 
2143 -+-- 2142 
'' 2144 -t-=-
-+- }145 
22 24 26 28 3'.) 32 34 
0 
10 
20 
30 
4() 
50 
60 
70 
BO 
90 
100 
120 
130 
140 -
150 - -::~ 
FIG. 7 .9 .. Age·depth c:urve for sites in the northern basin of Lake Tyrrell. 
S•1e 
2 
Oeptti (cml 
0 
I() 
20 
30 
40 
50 -+-m6 
60 
70 
BO 
90 
; 
160 
0 2 3 4 5 6 7 8 9 10 II 22 23 24 
' 
....... 
_, 
-
...._ / 
/---
_ /_ 
.......... / , .......... 
POLLEN 
ZONE 
10 20 30 40 !;;: 1 I I I I 
LT2-1 f 
10 [----
! 
20 .1 I 
LT2-2 r i 
30 1 
I 
-40.L 
50 
60 
LT2-3 70 
80 
90 
--100 
110 
LT2-4 
120 
--130 
140 
LEGEND 
CJ salt 
~laminite 
'?"-«., '?"-«., 'vv., vx; 
.J> v«.; vs '?"-~ ~"?- ~3,'?' ~ ~ ~':> ~~ ~~'?' ~-<.;, 
'?"-«., 
~ ~'/$ 
'?"-0«.; ~~ 9.0 vv; .~o o~ v.,q;. 
..;)'?"- 'v..J... ~o '?' ~' vv~ <t- ~o v«.; ~ :o.;j *"~ ~ 0'?"-Cj 
.f \)0 ~'<J o'?' f..x; ~ .. ~ v~ ~<:> ~ c; ~ ?-':> '-
10 20 30 40 50 60 10 20 30 40 10 10 20 30 40 50 10 20 30 40 10 20 30 40 50 10 20 30 10 10 20 30 
t 
-t--
t 
-t== ~-I==--
- sulphide clay I I clay 1¢~~~&1 displacive gypsum I<><) I selenite 
~ 
L.::::....:..:: re-worked clay ~ carbonate zone tr.YJ cracks 
FIG.7.10. Percentages for major taxa in Site 2 (percent total native pollen). 
':?"v ~"' 
cP \"'~ ~ '\-
x-~ ~~ v '-::: 
50 100 150 200 
165 
The pattern for Callitris at Site 1 is similar to that described from Site 2. Low Callitris 
percentages characterise Zone 4 and an abrupt rise occurs in Zone 3. At Site 1 however, 
Callitris percentages peak in the middle (50cm to 46cm) of the zone and decrease 
thereafter leading into low percentages through Zone 2. The rise in Zone 1 is present, as is 
the decrease in the uppermost sample. 
In a sense pollen percentages for the Casuarinaceae are a mirror image of those for 
Callitris . . Percentages in both sites are highest through Zone 4 and decrease noticeably 
through Zone 3. The transition to Zone 2 is marked by a second rise in Casuarinaceae 
percentages, which remain high as far as the boundary with Zone 1. At both sites 
Casuarinaceae percentages in Zone 4 are the highest recorded from the sequence. 
Eucalyptus pollen percentages exhibit yet another pattern of occurrence. Low pollen 
percentages characterise Zone LT2-4. An abrupt rise occurs at the base of Zone LT2-3 and a 
remarkably consistent representation of about 12 percent is maintained through this zone 
and the overlying Zone LT2-2. A second abrupt increase occurs at the base of Zone LT2-1 
where values rise to between 15 and 18 percent before plunging in the top few samples in 
the diagram. At Site 1 a similar story is recorded, though differences between Zones L Tl-4 
and LTl-3 are less pronounced than at Site 2. The abrupt changes in Zone 1 are clearly 
present - at the base of the zone values rise to some 20 percent before plunging in the upper 
most sample. A second and rarer Myrtaceous element made up of pollen from such taxa as 
Baeckea, Calytrix and Leptospermum is also present in the diagrams. These pollen types 
occur throughout the diagrams but rise slightly in Zone 2 of diagrams for both sites. 
Dodonaea pollen occur throughout the sequence, but generally account for less than 5 
percent of the total spectrum. At Site 1 percentages remain reasonably constant, aside from 
a dip in Zone L Tl-4 between 80 cm and 65 cm. At Site 2 there is a slight percentage increase 
in Zone LT2-3, an equally subdued decline in LT2-2 and another rise in the middle of LT2-1. 
Chenopodiaceae pollen are an important part of the Lake Tyrrell pollen assemblage. 
Percentages at the base of Zone LT2-4 are relatively high, at about 25 percent, but decrease 
rapidly to average 10 or 15 percent for the rest of the zone. At the boundary with Zone 
LT2-3, percentages rise and maintain a constant 25 percent from 100 cm to 60 cm, after 
which level percentages begin to fluctuate slightly. In Zone L 12-2 the Chenopodiaceae 
percentages decrease again but begin to increase steadily above 20 cm. Unlike the other 
major taxa such as Callitris, Eucalyptus and Casuarinaceae, Chenopodiaceae pollen 
percentages do not change noticeably in the upper most samples. Chenopodiaceae 
percentages, like those of Callitris are a near mirror image of those for Casuarinaceae and 
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to an extent the Poaceae. At Site 1 these fluctuations are more subdued and actually dip in 
Zone L TT-3. The proximity of this site to Folly Point and its complement of 
Chenopodiaceaeous shrubs may account for the strong Chenopod signal seen at this site. 
Pollen of the Poaceae have a similar pattern of occurrence to the Casuarinaceae in both 
cases. Highest values occur in Zone 4. A slight decrease occurs at the boundary with Zone 3 
(from an average 25 percent to 15 percent). The rise in Zone 2 is again slight one, of the 
order of 5 percent or so, but it firmly links the Poaceae and Casuarinaceae into an inter-
related couplet in terrns of their responses to changing conditions. For most of Zone 1 
Poaceae percentages persist at a reduced level of about 8 percent until a depth of about 
3 cm when a massive rise occurs, reaching about 42 percent. This rise is also noticeable from 
Site 1. 
Asteraceae (Tubuliflorae) pollen percentages display yet another pattern of occurrence - a 
steady increase in percentage representation from the base of Zone 4 almost to the top of 
Zone 1. Those top several samples again show a distinct departure from the norm. 
Percentages decrease abruptly and substantially. This broad pattern is reproduced at Site 
1. 
Although major fluctuations in pollen percentages are faithfully reproduced in pollen 
diagrams from both sites, there remains at least a possibility that some of the changes 
relate to the interdependence of percentages calculated against a common pollen sum. Taxa 
most likely to be affected are those which appear to act in a mutually opposing fashion, 
such as Callitris, Casuarinaceae, Chenopodiaceae and Poaceae (in all zones) and 
Casuarinaceae and Eucalyptus (upper reaches of Zone 1). 
One way to attempt to eliminate this possibility is to remove suspect taxa from the pollen 
sum. If patterns of change (though not the percentages themselves!) remain the same, the 
hypothesis of interdependent percentages can be rejected. 
In Fig. 7.12 the pollen sum excludes pollen of the Chenopodiaceae, aquatic pollen, fem 
spores and pollen of introduced species. Of these taxa, Chenopodiaceae pollen are the 
most numerically significant and are the subject of examination here. The essential 
elements of summary diagrams 7.10 and 7.11 are retained. Callitris percentages still peak 
in Zone LT2-3, Casuarinaceae are high in Zones LT2-4 and LT2-2 but low in LT2-3, 
Eucalyptus percentages leap in Zones LT2-3 and LT2-1 and the Asteraceae rise steadily 
throughout. Poaceae percentages are still highest in Zones L T2-4 and L T2-2, but values in 
the intervening zone L T2-3 are higher than in the previous diagram, making for a less 
POLLEN 
ZONE 
LT1-1 
LTl - 2 
LT1 - 3 
- -~· , .0. 1 
-~ ..----'. 1- ~ I . ::-:::::. >i L n -4 
I ~-~ ; r ¢--;::;: ; 
~ 
m 
10 
20 
30 
40 
so 
60 
70 
80 
90 
100 
LEGEND 
CJ salt 
~laminite 
~{·~ 
,-<... 
"" c,'?-
20 30 40 
! I 
.. sulphide clay 
i'·''·' '·'·~··J sand 
..;f:> ~"" \,-{ 
.• fl>-
~ 
30 
I 
1- I clay 
J-;. <J re-worked clay 
FIG. 7 .11. Percentages for major tax a in Site 1 (percent total native pollen). 
'?"<v 
c,v.; 
?-<v :--~ 
c,<v ~!>- cf> 
,,...~ ~!>- o<?. 
-l~ (p <v~ 
~ <:P c,-<'-
~ c,<v 
o'?" 
«. 
10 20 10 10 20 30 40 50 
________ e_·_· _2_p __ 3_p 10 20 30 
~ 
I g<> 0<> Jdisplacive gypsum ~selenite 
~carbonate zone rn cracks 
167 
obvious distinction between zones. The pattern for Chenopodiaceae is, of course, 
unchanged. The essence of this diagram is that percentages of Chenopodiaceae pollen, 
even though local in origin, have little impact upon percentage representation of other 
taxa. In particular, this diagram gives little reason to suspect the fluctuations of 
Casuarinaceae pollen percentages are statistical aberrations. 
In Fig. 7.13 the pollen sum is further manipulated by removing Callitris from the pollen 
sum as well as Chenopodiaceae, aquatics, fems and weeds. Doing so has little effect on the 
shape of the diagram. The major effect is an evening out of Poaceae percentages found 
between 130 cm and 10 cm, where a dip persists, probably in response to rising Eucalyptus 
percentages at this level. Notwithstanding this conclusion, it appears that individual 
taxa exert relatively little control over the percentage changes recorded for others. If this 
claim is accepted, it becomes reasonable to use changes in pollen percentages as a guide to 
changes in the plants producing each pollen type. 
Confidence intervals and interpretation of pollen percentages 
A notable feature of descriptions of pollen diagrams presented to date is reliance on 
qualifiers, such as 'slight', 'minor', 'occasional' and the like. Use of diagrams in which 
the confidence limit is plotted for each sample assists in deciding which of the 
fluctuations in pollen spectra are statistically significant and which are 'noise'. 
The 95 percent confidence limit has been calculated and plotted for each of the major 
pollen taxa shown on preceding pollen diagrams (Fig. 7.14 ). For a fluctuation in percentage 
to be considered statistically significant, it must be large enough to prevent overlap of the 
respective confidence limits. 
Figure 7.14 emphasises the role of sample size in governing the spread of confidence 
limits. Samples below disconformity A (130 cm) contain few pollen and feature 
concomitantly large error tenns, most of which intersect the zero axis. Where this 
happens, there is a 95 percent probability that the true value for the taxon lies between 
zero and the outer limits of the error bar. Where the error bar encompasses a spread of 70 
percent or more, the sample is obviously of little use for anything. Samples from below 
disconformity A fall into this category and the practice of discounting any sample from 
below the disconformity seems well and truly justified. 
In samples above the disconforrnity, count sizes were large enough to ensure that the error 
bars generally encompass a more reasonable range, between 5 and 10 percent. Even with the 
reduced span of error bars as a result of larger count sizes, however, many of the less 
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abundant pollen taxa must still be considered to be unreliable indicators. For example, the 
Myrtaceae curve plotted in Fig. 7.15 could be interpreted as indicating migration of 
heathland Myrtaceae into the pollen catchment of the lake at the base of Zone L T2-3, 
expansion the heathland component in Zone L T2-2 and decline in Zone L T2-1. Percentages 
are admittedly very low, but a case for changing relative abundance could be made, based 
on the consistent appearance of Myrtaceous pollen in the counts and the limited ability of 
heathland Myrtaceae to disperse pollen over long distances (Dodson and Wilson 1975). 
The use of confidence limits suggests that such an argument would be fallacious. Error bars 
for all samples (except for 3 in Zone LT2-2) intersect the y-axis of the diagram. There is no 
legitimate reason to claim that more heath occurs in Zone LT2-3 than in L T2-4. Apparent 
changes are more likely to be artefacts of preservation and count size. A more conservative, 
safer, interpretation would assume that heathland Myrtaceae have contributed small 
amounts of pollen to the lake throughout the time represented by the core. 
Dodonaea pollen are more common than the heathland Myrtaceae group, but again, use of 
the confidence limit indicates that caution is required when interpreting apparent changes 
in the curves. When the complete envelope of values encompassed by the error bars drawn 
for Dodonaea are considered, it becomes clear that the apparent increase in percentages in 
Zone LT2-3 is of little interpretative value. Overlap of error bars occurs consistently 
throughout the spectrum, leading to the conclusion that Dodonaea, too, has been a 
reasonably constant and static component of vegetation contributing pollen to the lake. 
On a more positive note, the use of error bars and the confidence limit offers support for the 
idea that changes in major taxa such as Callitris, Casuarinaceae, Eucalyptus and 
Chenopodiaceae have some statistical significance (note that the absence of Asteraceae 
and Poaceae as a result of technical problems). 
The safest conclusion to draw form the Callitris curve in Zone LT2-4 is that pollen from 
the taxon is likely to have been continuously present. There is no way to determine 
whether samples lacking Callitris pollen had lost their initial pollen content through 
corrosion and abrasion, whether the absence is a statistical artefact, or whether they did 
not have any Callitris pollen to start with. The abrupt rise in percentages at 100 cm, is 
notable and significant, but the confidence limits to nothing to help understand the cause. 
Within Zone L T2-3 percentages of Callitris pollen fluctuate (albeit within a rising trend) 
considerably. Most of the fluctuations are significant on the basis of confidence limit 
definitions, and introduce the possibility of cyclical changes in response to fluctuating 
environmental conditions. This impression is strengthened by the tendency for each peak 
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or trough to be composed of several samples, not just single isolated blips. Callitris 
percentages in Zone LT2-3 may well be amenable to more sophisticated statistical 
analyses at some later date. 
In Zone LT2-2 Callitris percentages are almost as depressed as in LT2-4, and the same 
interpretation of the error bar envelope applies - the taxon should be assumed to be present 
throughout. The rise in percentages at about 8 cm appears to be another 'significant' event 
worthy of further attention. 
Confidence .limits calculated for Casuarinaceae percentages emphasise the distinctly 
differing occurrences in the 'wet' and 'dry' zones. Percentages in Zone L T2-3 are clearly 
lower (and more stable) than in either L T2-4 or L T2-2 where Casuarinaceae pollen are the 
dominant taxa. The envelope of percentages in Zone LT2-1 are comparable to that found in 
LT2-3. 
For Eucalyptus, the confidence limits serve to re-inforce the importance of the three 
periods of relative stability in percentage representation identified from the summary 
diagram (Fig 7.11): low percentages characterise Zone LT2-4; an abrupt rise in percentages 
occurs at 100 cm and these higher percentages persist right through Zones L T2-3 and L T2-2; 
a further abrupt increase at 11 cm leads into another plateau at this higher level before a 
plunge occurs in the upper couple of centimetres of the cores. 
The use of confidence limits scarcely affect the interpretation of Chenopodiaceae 
percentages either. The differences between intervals of high and low percentages are 
meaningful and can be used for interpretative purposes. One feature of note is that 
percentages in the plateau areas of Zones L T2-3 and L T2-1 are essentially the same. 
The main lessons to be learned from use of the confidence limit in an environment such as 
that of Lake Tyrrell are to do with caution. Even in samples where pollen count are 
relatively large, reliance upon fluctuations in rare taxa is a risky proposition. Reliance 
upon presence and absence data for these taxa is also an unacceptable risk. First order 
changes in the major taxa, however, are a viable basis for analysing vegetational changes 
around the lake and form the basis for most of the discussion to follow. 
Z4 Holocene ve&etational chan&es around Lake T.yrrell 
The lake level fluctuations which characterised the hydrological history of Lake Tyrrell 
during Holocene times were accompanied by profound and enduring changes in surrounding 
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vegetation. In a regional context, the magnitude of these changes is exceptional and 
therefore provocative, but the conclusions seem inescapable. 
Dry conditions prior to 10,000 BP gave way to an ephemeral lake environment indicative 
of semi-arid climates which endured until about 6600 BP. Pollen assemblages deposited 
during this time are dominated by Casuarinaceae and Poaceae with lesser contributions 
from Chenopodiaceae, Callitris, Eucalyptus and Asteraceae. Reconstruction of the type of 
vegetation these assemblages represent is hampered by uncertain conditions for pollen 
preservation and the lack of an exact analogue in assemblages recovered from pollen traps 
placed in northern Victoria or western New South Wales. Nonetheless, some dues are 
available from the distribution of modem vegetation communities. 
Casuarinaceae form an important part of vegetation in these distinct parts of the region. 
The shrub taxa Allocasuarina pusilla and A. muellerana occur widely in mallee heaths to 
the west of the lake, growing in association with taxa such as Hibbertia, various 
Myrtaceae, Cryptandra and a selection of Rutaceae. It is extremely unlikely that the 
Casuarinaceae found around Lake Tyrrell between 10,000 BP and 6600 BP are indications of 
a nearby heathland. The grounds for this conclusion rest partly on the results of pollen 
trapping and partly on the occurrence of heathland pollen taxa through the diagrams 
(with appropriate allowances made for the reservations already expressed over use of 
minor taxa or environmental indicatiors). 
A characteristic of pollen trap catches from mallee-heath communities in northwestern 
Victoria is the rarity of Poaceae pollen. This stands in stark contrast with the composition 
of spectra from Zone L T2-4 where Poaceae are common. A similar argument can be 
advanced for pollen from the Chenopodiaceae. Although Chenopod percentages from Zone 
L T2-4 are low, pollen from these taxa are virtually absent from trap catches in the modem 
flora . It seems unlikely that a heathland source could be claimed for Casuarinaceae 
contributing pollen to LT2-4. The final point (for what it is worth) which acts against 
presence of more extensive heathland is that percentages of heathland taxa only rise at 
the top of the zone, bypassing the interval of interest entirely. 
171 
Casuarinaceae are also common components of vegetation in two contrasting climatic 
settings from northern Victoria and western New South Wales. Belar (Allocasuarina 
cristata ) and Buloke (A. luehmannii ) occur frequently in woodlands growing inland from 
the major areas of mallee. Buloke also occurs widely on alluvial soils of the Wimmera 
District, where Connor (1966 b) noted a preference for heavier textured clay soils. In both 
areas Poaceae form a significant proportion of the understory (given sufficient rainfall) as 
do Chenopodiaceae such as Maireana, Sclerolaena , Enchylaena and Rhagodia. 
Communities of this type look likely to be the source vegetation for pollen assemblages in 
Zone LT2-4. Traps from woodlands around Ivanhoe and Lake Tyson record substantial 
percentages for Casuarinaceae, Poaceae and Chenopodiaceae pollen as would be required 
for a potential source flora (see Table 5.14). Data from the pollen trap located in the 
Wimmera (Lake Buloke) are of limited value as the surrounding vegetation has been 
severely modified by clearing and grazing - as reflected by a pollen catch comprising 66 
percent Poaceae pollen and a mere 0.8 percent Casuarinaceae - and so informed speculation 
must suffice. 
Plant communities containing Casuarinaceae, Poaceae and Chenopodiaceae from the 
Wimmera and western New South Wales tend to be found in environments drier than those 
dominated by Eucalyptus . This effect can be climatic, or induced by the inverse soil texture 
affect which mimics climatic drought by inducing physiological drought in plants growing 
on fine textured soils. This convergence of environmental tolerance and edaphic preference 
of Casuarinaceae in the region makes it reasonable to assume that a preponderance of 
Casuarinaceae growing on sandy soils now dominated by Eucalyptus is indicative of 
relatively dry conditions. The evidence of ephemeral lake conditions gleaned from the 
sediments of Lake Tyrrell supports this conclusion. 
Whilst Casuarinaceae were the dominant woodland trees, stands of Callitris and 
scattered Eucalyptus would have given some variety to the landscape. The importance of 
grass in floras of the time strongly suggests community structure was open. In modem day 
mallee communities, grasses are outcompeted by eucalypts and, in many instances, by 
shrubs such as Dodonaea, Cassia or Eremophila . Chenopodiaceae were probably most 
abundant on the lunette soils, but in a dry environment pollen shed by the plants would 
have remained on the soil surface long enough to be oxidised or otherwise destroyed. The 
weak Chenopodiaceae signal should not be interpreted too literally. 
After 6600 BP several significant changes occurred in the vegetation. Most dramatic is the 
abrupt increase in Callitris percentages, but more significant perhaps is the sustained rise 
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in the percentages of Eucalyptus pollen. 
Pollen assemblages in Zone L T2-3 are dominated by Callitris , Eucalyptus and 
Chenopodiaceae with lesser contributions from Asteraceae, Poaceae and Casuarinaceae. 
These taxa are common in pollen trap catches from a variety of Eucalyptus dominated 
communities such as mallee, riparian forest and the box woodlands found in moister areas 
coastwards from the Lake Tyrrell region. 
In box woodlands, Eucalyptus trees are typically widely spaced with the intervening 
areas supporting a verdant grassy sward. Chenopodiaceae are sparse and Callitris tend to 
prefer habitats on steep slopes or rocky ground. Trap data from Urana, Cowal and 
Livingstone (Table S.14) suggest the box communities yield comparatively little 
Eucalyptus pollen despite the prominence of Eucalyptus trees in the landscape. Callitris 
pollen appear to disperse freely and actually dominate the tree component of pollen 
catches. Poaceae are the dominant herbaceous taxa, partly reflecting the importance of 
grasses in the understory, while by comparison with sites in drier regions, Asteraceae are 
scarce. Chenopodiaceae pollen are also scarce, but it might be argued that the tendency of 
Chenopodiaceae shrubs to occupy localised habitats may distort matters. In general, 
however, Chenopodiaceae are rare in box woodland vegetation and the low percentages 
recorded from the pollen traps are a fair representation of a pollen taxon which 
discriminates clearly between semi-arid and more mesic environments. 
Trap catches from mallee and riparian forest communities are characterised by high 
Eucalyptus percentages in combination with substantial proportions of Callitris and 
variable quantities of Chenopodiaceae pollen. The amount of Chenopodiaceae pollen 
caught depends upon proximity to suitable areas of habitat in a patchy environment, so 
low percentages are impossible to adequately interpret. Where percentages are high it is 
a fair bet that a Chenopod shrubland is nearby. 
Chenopodiaceae pollen are a significant element in pollen floras from Lake Tyrrell. Their 
presence suggests that conditions did not ameliorate enough to allow expansion of box 
woodlands into the vicinity of Lake Tyrrell. It seems more likely that improved climatic 
conditions allowed a mallee community to become established. The reliance of riparian 
eucalypts such as E. camaldulensis and E. largiflorens on flooding to disperse seed and 
sustain seedlings eliminates any possibility that these trees occupied any substantial 
portion of the dunefields which lie west and north of the lake. Flood plains associated 
with the Avoca Rivers system to the south and southeast of the lake may have supported 
more vigorous and extensive riparian forests than those which survive in remnants there 
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today. Eucalyptus largiflorens woodlands in particular would have benefited from a more 
active riverine regime. 
High percentages of Callitris pollen in Zone LT2- 3 present a different set of 
interpretational problems. Callitris occupies two distinct classes of habitat in semi-arid 
areas. Callitris verrucosa is found in association with mallee heath communities growing 
on deeply leached sands. It shares many of the characteristics of heathland taxa, 
particularly an ability to deal with recurrent fire, a tolerance for low nutrient soils and a 
relatively high soil moisture requirement (Adams 1984). The second group comprises 
Callitris preissii and C. columellaris. These trees tend to form dense stands separate from 
surrounding Eucalyptus vegetation and provide the focus for d iscussion of increases 
Callitris percentages in Zone L T2-3. 
In many respects the ecological requirements of Eucalyptus and the tree species of Callitris 
are mutually antagonistic. Where Eucalyptus is well equipped to survive and prosper in 
the presence of regular burning, utilising combined adaptations such as abundant epiconnic 
buds, lignotubers and reproductive strategies based on massed seed fall into a receptive 
ashbed (Wellington 1989 ). Callitris, on the other hand, is fire sensitive and populations 
can only recover from disturbance as burning by way of seed shed from surviving trees -
there is no appreciable soil or canopy seed storage (Adams 1984). 
The dramatic increase in Callitris pollen percentages in conjunction with a rise in 
Eucalyptus is an apparent contradiction which can be explained by examining 
relationships between Eucalyptus and Callitris communities in the region today. 
Where both communities co-exist, Callitris stands tend to occupy physiologically drier 
sites on shallow sand plains or inter-dune areas, reflecting a greater capacity to withstand 
hydrological stress than can competing Eucalyptus communities (Adams 1984). Despite 
this tolerance of relatively dry environments, successful reproduction of Callitris in semi-
arid districts is dependent upon enough rain falling during the dry summer months to tide 
seedlings over a vulnerable first year (Adams 1984, Zimmer 1944 ). The higher rainfall 
postulated for Zone 3 would encourage recruitment to Callitris populations around the lake 
and a steady increase in the numbers of Callitris trees probably underlies the rising 
Callitris percentages seen throughout the zone. In this respect the increased importance of 
Callitris in pollen diagrams represents an expansion of the core distribution of Callitris 
woodlands inland from the modem somewhat fragmented limits. 
Concern with Callitris is only half of the story however. Eucalyptus in the guise of mallee 
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vegetation is both a comparative newcomer to Holocene landscapes around Lake Tyrrell 
and a potentially significant competitor with Callitris. 
As is the case with Callitris , reproduction and recruitment to populations of mallee 
eucalypts is an episodic affair (Zimmer 1940, Parsons 1968, Wellington and Noble 1985 a, 
b ,Wellington 1989). The key to successful large scale recruitment by mallee eucalypts is 
the rare coincidence of fire (or some other type of disturbance) and a succession of cool wet 
years which allow vulnerable seedlings to survive the critical first couple of summers 
(Wellington 1989). The importance of fire as a trigger mechanism for massed seedling 
recruitment is twofold. 
Fire appears to prepare the soil for effective germination, possibly by modifying the soil 
microbial environment and destroying soil crusts which can prevent seedling roots from 
penetrating the soil surface. Fire also releases masses of seed held in the canopy, allowing 
a temporary soil seed store to be established as seed predators (particularly ants) are 
satiated and overwhelmed by unaccustomed bounty (Wellington and Noble 1985b). Under 
normal circumstances the trickle of seeds released from the canopy is rapidly harvested 
and removed from the viable seed pool (Wellington and Noble 1985b). Most of the seed 
released during a mass seedfall event germinates with the first suitable rain, but unless 
further rain occurs in succeeding years the seedlings fail to survive. In practice at least 3 
wet years would be required to allow successful recruitment - one year to build up a fuel bed 
to carry the fire (Macarthur 1972) and two further wet years to nurture the seedlings until 
their root systems develop sufficiently to cope with seasonal drought. Survival prospects 
of those seedlings which do establish are also enhanced by reduced competition from adult 
trees forced to recover from burning by drawing on reserves stored below ground. It is hardly 
a surprise that successful large scale recruitment of mallee eucalypts only occurs once or 
twice per century under modem climatic conditions (Wellington 1989). 
Increased rainfall during Zone L T2-3 times would release many of the constraints imposed 
upon Eucalyptus propagation at present. More regular rainfall should allow increased 
frequency of fires, coupled with increased chances that any resulting seedlings will 
develop into mature plants. More reliable rainfall should also induce more reliable 
flowering (see Chapter 5), adding still another dimension to pollen analytical 
perspectives on Eucalyptus responses to changing climate. 
To clearly establish the relationship between fire dependent mallee vegetation and fire 
sensitive Callitris we must examine a modem analogue in which these taxa interact in an 
environment where fire suppression measures are minimal. The best documented area 
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which meets these criteria is in the Northern Territory where Haynes (1985) has 
described circumstances in which the conservation of Callitris intratropica is dependent 
upon maintenance of an active fire regime devised and practiced by Aboriginal people over 
many thousands of years. 
In an attempt to encourage growth of Callitris forests for timber production, Haynes 
endeavoured to convince traditional land owners to desist from burning their country for a 
number of years on the assumption that Callitris populations were at risk from constant 
fires. In this he was largely unsuccessful, as the areas Haynes had identified as requiring 
protection from fire were the same areas the owners believed had been neglected after 10 
to 15 years living in settlements. Fires were required required to 'clean up' the country. 
Analysis of the fire regime employed by the Aborigines suggested to Haynes that by 
carefully timing ignition it was possible to reduce fuel loads enough to effectively insulate 
fire sensitive Callitris stands from uncontrolled hot fires which typify country left 
unattended by traditional owners. Fires started in the correct season bum slowly and go out 
as they encroach on the stand margin. Under these conditions Callitris populations thrive 
(Haynes 1985). 
At Lake Tyrrell there is no dear evidence of what role, if any, Aboriginal land 
management practices have had on the mallee landscape but the more general principles 
derived from the Northern Territory studies can still be applied. Key to the co-existence 
of fire prone and fire sensitive vegetation is control of herbaceous fuel loads and the 
presence of some physical barrier which delimits the core areas of each community. 
Around Lake Tyrrell it is likely that Callitris grew as dense stands on finer textured soils 
which lie between the sand dunes. Sandy soils would have supported dense mallee 
vegetation. The fuel dynamic~ of Callitris and mallee communities differ radically. 
Dense stands of Callitris suppress the all important herbaceous fuel bed needed to carry 
fire between trees and into the canopy. High rainfall years seem to encourage a non-
volatile flush of herbs which do little to encourage fire activity. Under normal conditions 
mallee fuel loads are also low, but where rain is adequate, grass growth, especially Stipa 
variabilis , can be vigorous, filling gaps between mallee dumps with a highly flammable 
fuel capable of setting the entire community ablaze (Noble 1980). 
Competitive interaction between communities, modulated by differing abilities to extract 
soil water (Adams 1984), would help keep mallee and Callitris stands apart, with fire 
activity determining the location of the boundary at any given time. This type of 
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interaction has been described from many of the ecozones between sclerophyll forest and 
rainforests in northern Queensland (Kahn and Lawrie 1987,Unwin et al 1985). With the 
higher rainfall likely to have occurred throughout Zone LT2-3, attrition of Callitris 
stands by fires would be countered by active recruitment of seedlings into the stands. The 
capacity of Eucalyptus to make serious inroads into Callitris communities was restricted 
by competitive advantages conferred upon Callitris by soil conditions. More frequent 
burning would have encouraged regeneration of mallee and probably produced mallee 
communities whose trees were, on average, considerably younger than is the case today. A 
densely spaced, young mallee community leaves little room for extensive grassland and 
may help explain the relatively subdued Poaceae percentages found in the zone. 
It is clear from the discussion above that fire plays a crucial regulatory role in the history 
of vegetation at Lake Tyrrell. Changes in vegetation are triggered and sustained by 
climates, and climatic conditions modify the fire regime (intensity and frequency) but it 
appears that fires are the most likely environmental variable limiting the relative 
abundance of Callitris and Eucalyptus. Evidence of fires in the vicinity of the lake can be 
derived both from the carbonised particles preserved in the sediment and the pollen 
spectra of plants associated with pyric succession in the region. Chief among these are 
Gyrostemonaceae and Haloragis (Jacobs 1981). These taxa, along with carbonised particle 
curves based on objective criteria (mm2/cm3) and percentages of total pollen are presented 
in Fig. 7.16. 
The similarity between curves for total pollen concentrations and carbonised particle 
curves for mm2 I cm3 is obvious (and supported by a correlation coefficient of 0.889) 
suggesting that similar processes have governed deposition of pollen and carbonised 
particles. The likely impact of changes in sedimentation rates and an imprecise 
chronology reduce the usefulness of the curve for carbonised concentrations, which could be 
interpreted as indicating reduced fire activity above 80 cm (m Zone 3), allowing a slight 
increase to occur in the relative importance of Callitris. A safer approach is to relate 
carbonised particles to pollen numbers. When calculated as a percentage of the total 
pollen concentrations a different story emerges (Fig 7.17). 
High percentages of carbonised particles in relation to pollen concentrations in Zone L T2- 4 
are of little significance as the occurrences are sporadic and pollen concentrations in the 
zone are low ( Fig 7.7). Carbonised particles are more easily recognised than are damaged 
pollen and also appear to be more robust. In an environment where pollen preservation is 
problematical, the carbonised particle percentages could be expected to produce inflated 
values. 
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In Zone LT2- 3 results are more reliable. Percentages are low, reflecting the abundance of 
pollen found in sediments of the zone, but of greater interest is the uniformity of carbonised 
particle percentages which occur there. There is no indication here that fire regimes 
changed during the period in which Eucalyptus and Callitris co-existed. The implication 
is very much that an equilibrium was achieved between Eucalyptus and Callitris early in 
the zone, with any instability between them as the fire regime developed occurring at a 
scale which cannot be resolved in the record available. 
A rise in carbonised particle percentages occurs in Zone LT2-2. As suspected for Zone L T2- 4 
this rise is likely to be function of relative preservation capacity of carbonised particles 
and pollen rather than a result of more active fire regimes or inwash of particles from 
surrounding soils. Percentages drop in the lower half of Zone 1, and rise again in the upper 
two centimetres of the core. As will be argued later, changes in Zone L T2- 1 are indicative 
of changes in vegetation. 
Pollen spectra from Gyrostemonaceae and Haloragis add little information as percentages 
are very low (less than 3 percent in total). For what it is worth, percentages change little 
throughout the sequence, although a slight dip occurs in Zone 2 largely as a result of a 
decrease in the regional pollen type Gyrostemonaceae. These data provide no evidence of 
changes in fire regime either. 
Decreased Casuarinaceae percentages appear to indicate an actual decline in the 
importance of these trees in the vicinity of the lake. Although Callitris appears to have 
replaced Casuarinaceae as dominants on inter-dune soils, the Casuarinaceae maintained a 
significant presence, perhaps in mixed stands similar to those described from the 
Birthday Tank pollen trap site. On the dunes Eucalyptus and its associated fires would 
have quickly outcompeted and eliminated the Casuarinaceae. 
Rising percentages of Chenopodiaceae pollen probably resulted from active inwashing of 
pollen from lunette surfaces, but it is also possible that additional pollen may have blown 
from nearby boinka complexes re-activated by rises in regional groundwater tables as a 
result of increased rainfall and groundwater recharge rates. 
In Zone L T2- 2, many of the characteristics of Zone L T2-4 re-emerge. Casuarinaceae 
expanded to occupy many of the sites previously dominated by Callitris, Poaceae occupied 
spaces in what must have been a more open community than that previously found in the 
area and Chenopodiaceae again had problems getting pollen to the lake. A major 
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difference between the two zones is the persistent presence of Eucalyptus in percentages 
unchanged from those found in the mallee dominated Zone L T2- 3. 
Drier conditions prevailing in this zone seem to have reduced Callitris quite markedly. 
Replacement of trees killed by drought, fire or old age would not be as rapid as under 
moister conditions and continuing pressure from fires probably hastened their demise. 
Casuarinaceae appear to have benefited (or suffered less) by the drier environment and 
again dominated finer textured soils around the lake. Plantago became quite common in 
the hebaceous understory. Mallee was still the most widespread vegetation throughout 
the zone. At this stage landscapes must have been quite similar to those found in drier 
mallee areas north of the Murray River, in the vicinity of the Willandra Lakes. 
The return to moister conditions after about 800 BP also affected vegetation, perhaps more 
so than might have been expected. Callitris began to expand from the remnant stands 
which survived the rigours of Zone LT2- 2. Casuarinaceae percentages decrease, in part as 
a statistical artefact caused by an abrupt increase in Eucalyptus , but also consistent with 
the observed behaviour of this taxon in other zones. Poaceae decline and Chenopodiaceae 
increase, changes also seen previously in the diagram. 
Signs are that mallee expanded significantly in Zone LT2- 1, displacing the 
Casuarinaceae and probably suppressing the recovery of Callitris. The relatively small 
hydrological changes involved may have also played a part in limiting the ability of 
Callitris to expand significantly, acting more to revive fire regimes than to encourage 
regeneration of Cypress Pine. In this part of the zone the dense mallee vegetation which 
early European settlers found so depressing became fully established. 
At the top of Zone LT2- 1 (above about three cm) further changes in vegetation occur. Tree 
taxa decline precipitously, to be replaced by Poaceae whose pollen percentages achieve 
the highest levels reached anywhere in the diagram (Fig. 7.18, 7.19). A parallel increase 
in the percentages of pollen from introduced taxa suggest that the changes result from 
European clearing of the mallee late in the nineteenth century. 
The order in which changes occur is of interest - the first taxon to decline was Callitris, an 
important building and fencing timber in inland areas. There trees would have received 
early attention from graziers, especially as stands tend to be found on the flat interdune 
country valued highly as grazing land. Clearing the immense tracts of mallee was a much 
more difficult proposition because of the density of cover and persistence of lignotubers in 
the ground, even after repeated removal of above ground stems. Large scale clearing was 
POLLEN 
ZONE 
---- LT2- 1 
- - --
<>¢ () 10 
0 ~ <:J<> 
o<::t ~ <> 20 0 0 () 
<> () () 
LT2-2 () () () 
0 () () 30 ~~~(L 
40 
50 
60 
LT2-3 
70 
80 
90 
100 
' -
---
.-..... / 
110 
/-- LT2- 4 
- /_ 120 
........ / 
.:::::.- ........ 130 
140 
<v~ 
'v 
o"' ~ 
'<""' 
o" 
.<; 
20 40 60 
'<""'"'' ~v~\~ 
r~'?"' .c-(:' 
v ~· 
50 100 150 200 2 3 
. I 
! _ ____ _ 
- .. ( ;--
<-~--..;--=-
/ 
-"'---
·- :...-<, __ _ 
~:::-~ 
( 
< 
----===-
FIG . 7.17. Charcoal content of samples from Site 2 expressed as mm2 per cm3 and as a percentage of 
the pollen sum. 
179 
not attempted until late in the nineteenth century when a combination of technical 
innovation and political pressure made mass clearance an option. Mallee rollers allowed 
mallee trees to be flattened quickly and easily while the stump jump plough gave farmers 
the chance to cultivate newly cleared lands before the laborious process of grubbing out the 
mallee roots had been completed. Pressures on mallee lands were increased by the influx of 
farmers from South Australia during the 1890s and again as soldiers returning from World 
War 1 were allocated tracts of country in Soldier Settlement schemes. 
Open agricultural landscapes favoured the spread of grasses, although there is a notable 
absence of pollen from cereal type grasses usually grown as crops. Fires also formed an 
important part of the agricultural environment, lit to clear fallen timber, remove surplus 
grass growth or as simply as accidents. Rises occur in both the concentrations of carbonised 
particles and carbonised particle percentages. This is the only part of the diagram where 
a synchronous change of this kind occurs and it strongly suggests that a true burning signal 
can be identified in the uppermost part of the record. It also throws doubt on the usefulness 
of the carbonised particle curve at other times. 
The framework of vegetation history at Lake Tyrrell is very much circumscribed by the 
few pollen taxa which occur in large enough numbers to be confidently interpreted. The 
changes these taxa record are substantial, implying some radical alterations in the 
appearance of the surrounding landscape. There are, however, indications of constancy in 
the record (Fig. 7.20). In this diagram indicator taxa are combined into summary curves 
which indicate overall trends in their controlling environmental variables. Even when 
summed percentages are low (less than 5 percent} and previous admonitions to caution and 
conservatism in analysing these data must be foremost in mind. 
Aquatic taxa (including Typha, Triglochin, Potamogeton and Muehlenbeckia} occur in 
percentages comparable to those recovered from pollen traps on the lake surface and give 
no reason to consider that significant changes have occurred either in the salinity of water 
entering the lake, or in the composition of vegetation found along Tyrrell Creek. This 
conclusion is consistent with the findings based on mineralogy and sedimentology of lake 
deposits. 
Pollen percentages from fire dependent taxa (Gyrostemonaceae, Haloragis ) and 
indicators of disturbed habitats (Dodonaea, Cassia, Myoporaceae, Plantago } remain 
constant throughout the diagram. The long time period represented by each sample would 
effectively remove any signal from individual disturbance or fire events so the spectra 
represent an underlying pool of disturbance (most likely fire) within the pollen catchment, 
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no matter what the dominant vegetation at any given time. 
Pollen percentages from halophytic plants (excluding Chenopodiaceae) are similarly 
stable throughout the diagram (Fig 7.21). The resolution of this record is particularly 
poor as a result of restricted pollen dispersal ability of these taxa (Ch. 5) . It is clear that 
the pollen record from Lake Tyrrell is incapable of identifying any vegetational response 
to changes in the delicately balanced equilibrium which controls much of the mallee 
landscape (Macumber 1980, 1983). 
A final minor, but interesting, component of pollen assemblages from the Holocene 
sediments of Lake Tyrrell is a steady input of Tertiary age pollen( Fig 7.20). 
Taxa found regularly include Nothofagus (Nothofagidites emarcidus), Dacrydium 
franklinii (Phyllocladidites mawsonii), Cyathea (Cyatheacidites sp), Drimys, and 
Podocarpaceae (Podocarpidites ellipticus and Dacrycarpites sp) . The source of these 
pollen is the Blanchetown Clay, a Plio-Pleistocene lacustrine deposit which outcrops as 
prominent cliffs around the northern end of the lake (Stevenson 1986). A core collected 
from the western side of Lake Tyrrell by G. Singh intersects approximately 12 metres of 
Blanchetown Clay. Samples from this core contain a wide range of pollen types, including 
the Tertiary types found in Holocene sediments (Fig. 7.22). Erosion and re-working of the 
Blanchetown Clay is the most likely source of the anachronistic pollen in question. Erosion 
of the cliff occurs by groundwater sapping as well as by rain splash or wave action and it 
appears that pollen from the Blanchetown Clay can be incorporated into the younger 
sediments under a wide range of hydrological conditions. 
Re-working of pollen is not a problem where the distinctive, easily identified closed 
forest taxa listed above are concerned, but the Blanchetown Clays also contain 
appreciable quantities of pollen from Casuarinaceae and Asteraceae (Callitris, 
Eucalyptus, Chenopodiaceae and Poaceae are relatively rare). These taxa are important 
elements of the Holocene flora and it is probable that at least some of the pollen form 
these taxa recovered from the Tyrrell Beds had an ultimate origin in the Blanchetown 
Clays. It has not proved possible to isolate the re-worked pollen from Casuarinaceae or 
Asteraceae from those produced during Holocene times. 
The impact of re-worked Tertiary pollen on interpretations of Holocene pollen 
assemblages is slight. Critical taxa such as Callitris, Eucalyptus and Poaceae and 
Chenopodiaceae are rare in the Blanchetown Clay and re-worked specimens would be 
diluted and effectively lost in the airborne flux from contemporary vegetation. 
Casuarinaceae are in a slightly different category. Casuarinaceae pollen dominate 
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assemblages in .zones LT2- 4 and LT2-2, where pollen concentrations are exceptionally low. 
In this setting, even a small re-worked component in pollen assemblages may have a 
disproportionate effect. Tertiary pollen types are found in these zones, indicating that a 
re-worked component of the flora is present, but the high percentages of Poaceae pollen 
obtained from these zones could not derive from the Blanchetown Clay alone. 
Pollen from fresh water aquatic taxa, such as Potamogeton, Typha, Triglochin and 
Myriophyllum occur in sediments indicative of saline waters, again raising the question of 
whether they have an origin in the Blanchetown Clay where certain levels contain large 
numbers of aquatic pollen and freshwater algae (Pediastrum, Botryococcus ). In this 
instance, the consistent presence of pollen from the taxa in question in pollen traps located 
on the lake surface offers a more economical explanation through airborne inputs than 
would re-working from the outcropping Tertiary sediments. 
7.4.1 Summary 
Drawing together the disparate strands of argument presented so far yields an impression 
of remarkable dynamism in the landscapes surrounding Lake Tyrrell during Holocene 
times. 
Dry conditions associated with the last glaciation ameliorated enough by about 10,000 BP 
to allow sedimentation in the lake to resume. Climates between 10,000 BP and 6600 BP 
were relatively dry and the lake levels low (probably similar to today). There was no 
persistent salt crust and sediments moved freely across the lake bed. Vegetation around 
the lake was an open savannah like community, dominated by Allocasuarina with a 
grassy understory (Fig 7.23 ). Eucalyptus was present but as scattered individuals, not the 
dense stands known today. Callitris may also have occurred in scattered pockets. 
Chenopodiaceae grew on lunette soils to the east of the lake. 
At 6600 BP lake levels rose abruptly in response to a near doubling of average rainfall. The 
vegetation responded dramatically.Callitris became a common tree, growing as dense 
stands on finer soils where grass growth was restricted by competition and fire effects were 
minimised. Eucalyptus also responded rapidly (at the expense of Casuarinaceae) and 
probably dominated visual aspects of the landscape. Casuarinaceae retreated to refugia of 
fine textured soils (intermingled with Callitris ?) and Chenopodiaceae clung to the 
Junette. Despite higher rainfall, Poaceae found difficulty in maintaining a foothold in 
the increasingly tree-dominated mallee flora. Although lake levels began to decline after 
about 5000 BP, the vegetation remained intact until 2500 BP when the trend towards drier 
conditions intensified. By 2200 BP the lake had become an ephemeral playa with mean 
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groundwater levels lying below the lake bed. There was still no persistent salt crust. 
After 2500 BP Callitris declined in importance, unable to reproduce rapidly enough to 
keep up with continuing attrition by fire. Casuarinaceae could survive these pressures 
more successfully and came to dominate the fine textured interdune soils. There was some 
opening of the vegetation and whenever rainfall was sufficient, grasses took advantage of 
the space made available within the mallee. 
The dense mallee vegetation which occurred around Lake Tyrrell at the time of European 
settlement only became established after 800 BP, in response to an increase in rainfall 
which brought the lake to its present status as an ephemeral playa with a persistent 
halite crust. The incipient increase in Callitris which began around 300 BP was cut short 
by clearing operations which eventually altered vegetation throughout the region. 
Clearing and cultivation allowed a massive expansion of grassland to occur and encouraged 
the spread of introduced weeds. 
7. 5 Re2ional synthesis and some broader implications 
The hydrological and vegetation histories described from Lake Tyrrell mesh rather 
neatly with patterns of environmental change which characterised the Holocene of 
southeastern Australia. Whilst the timing and directions of change correspond very 
closely, as befits controls exerted by regional climatic controls, there is precious little 
similarity between the magnitude of environmental fluctuations inferred from the record 
at Lake Tyrrell and those now accepted as the regional norm. To put the problem into 
perspective, it is necessary to hark back to the really dramatic, first order, changes 
associated with events around the last glacial maximum, around 18,000 BP. 
At the height of the last glaciation lowered sea levels fused the disparate elements of 
'greater Australia' into a single land mass stretching from the equator to 45oS. Addition of 
Papua New Guinea, Tasmania and the now submerged lands of Bass Strait and Torres 
Strait to the rest of Australia increased continental area by some 30 percent (Dodson 1989), 
substantially increasing the importance of continentality in determining the character of 
regional scale climates. These areas of new land probably acted as a safety valve for 
vegetation communities placed under pressure by changing climates and permitted 
coastwards migration of flora which would otherwise been at dire risk of extinction. 
Vegetational responses to the desiccation, reduced temperatures and increased 
continentality of climates which accompanied the last glacial maximum varied in detail 
according to location but it is clear that drastic adjustments occurred throughout the 
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continent. Hope and Kirkpatrick (1988) suggest that climatic stresses during the height of 
the glaciation denuded at least 85 percent of greater Australia of tree cover. Altitudinal 
tree lines were lowered - to sea level in some areas • and a general expansion of arid or 
semi-arid climates into more coastal regions caused fragmentation and shifting of 
vegetation on the slopes and inland plains. 
Hints of an expanded arid vegetation are found in a number of sites spanning an age range 
between 25,000 BP and 12,000 BP. Hope (1978), Dodson (1979) and Dodson and Wright 
(1989) identified plant communities containing a significant element of arid adapted taxa 
(Chenopodiaceae, Callilris } in low altitude sites well outside current environmental 
limits of semi-arid vegetation. Fossil mammals provide a further link, through habitat 
requirements, to more extensive arid land vegetation (J. H. Hope 1982). 
Oimatic amelioration following the last glacial maximum set a further series of first 
order changes in train, most of which provided a counter point to those which 
accompanied the onset of gladal conditions. Recurrent geographical barriers, such as Bass 
Strait, Torres Strait and the arid wastes of the Nullarbor Plain re-appeared, isolating 
the floras of Tasmania, Papua New Guinea and southern Western Australia from the rest 
of Australia. 
The expansion of tree dominated vegetation into the highlands and the inland left a 
string of relict communities behind - as foot prints of sorts. Stands of Eucalyptus pauciflara 
in low elevation valleys and on the plains of the southeast (Cunningham et al 1981) are 
probably remnants of alpine woodlands widespread during the Pleistocene, but stranded 
and abandoned as temperatures increased and climatically controlled tree lines moved up 
the mountains once more. Similarly, the tracts of Callitris columellaris and Eucalyptus 
albens found in the Snowy River valley (Hope and Kirkpatrick 1988), and the mallee 
remnants found around Melbourne (Myers et al 1986), are likely to be remnants of former 
distributions which broke up under the impact of climatic change. 
In montane areas, woodlands had re-established themselves by 11,000 or 10,000 BP 
(Dodson 1989). Subsequent climatic changes produced minor adjustments in the ranges of 
sensitive taxa and some equally subdued variations in community composition (Dodson et 
al 1986, Macphail 1979) but in general, Holocene environments remained stable and 
consistent. A similar pattern is found in lowland areas of coastal southeastern Australia. 
Rising sea levels add an additional layer of complexity to the interpretation of climatic 
changes in coastal environments but it is clear from the numerous pollen diagrams from the 
region (Hope 1978, Dodson 1979, Hooley et al 1980) that semi-arid steppe vegetation was 
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gradually replaced by coastal woodland between about 15,000 BP and 8000 BP (Hope 1978, 
Dodson 1989). Changes in coastal environments since that time, such as some extension of 
tall open forests and a widespread decline in Allocasuarina woodlands ( Oark 1983) 
have been overshadowed by the extent of change wrought by large scale clearing for 
European agriculture begun in the nineteenth century and still enthusiastically practiced 
today. 
The influence of rising sea level on local rainfall was emphasised by Martin (1973) in her 
analysis of palynofloras from cave sediments on the Nullarbor Plain. Mallee scrub 
replaced Chenopodiaceae shrublands between about 9000 BP and 8000 BP and has 
persisted since that time at Eucla, but further inland at the drier Madura site, mallee 
contracted after 5000 BP to 6000 BP. Martin (1973) attributes this decline to the effects of 
Aboriginal burning in an environment where mallee regeneration is at best unreliable. 
Climatic deterioration after 5000 BP would be an equally plausible explanation for a 
contraction of mallee vegetation, and would accord closely with indications of gradual 
drying already noted from other regions. 
At Lake Frome in the mid-north of South Australia arid shrublands and grasslands were 
fully established by about 10,000 BP (Singh 1981, Singh and Luly 19'1/) and persisted 
essentially unchanged throughout the Holocene. Minor fluctuations in the relative 
abundance of taxa occurred, possibly as a result of Aboriginal burning or in response to 
climatic perturbations (Singh 1981) but the character of the flora remained intact. 
The magnitude of Holocene climatic change at Lake Frome is still uncertain, however 
recent sedimentological studies carried out as a series of cores collected from the 
depositional centre of the lake {Bowler et al 1986) suggest that for a short time at least 
(6000 BP to 5000 BP) strongly oxidising playa environments gave way to reducing 
conditions indicative of a persistent water body which could not possibly exist today. 
Playa conditions were re-established by about 3000 BP. This hydrological reconstruction is 
an unmistakable echo of hydrological patterns postulated for Lake Tyrrell, where a mid 
Holocene high lake stand beginning at 6500 BP subsided to dry playa conditions by 2500 
BP. 
At Lake Tyrrell water balance calculations suggest at least a 150 percent increase in 
effective rainfall would be required to sustain a permanent water body. No such 
calculations have been made form Lake Frome but some guesses can be made about just how 
much of a rainfall change would be required to generate lacustrine conditions by referring 
to the 'disequilibrium indices' calculated by Bowler (1986) for various lakes based upon 
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relationships between lake surface area, lake catchment area and runoff coefficients. 
While it makes little sense to uncritically compare the indices, it is dear from the 
relative values (L Tyrrell -92; L. Frome -332) that it is far more difficult to convert Lake 
Frome into a permanent lake than it is to flood Lake Tyrrell. 
This being so, the lacustrine event between 6000 BP and 5000 BP at Lake Frome can be seen 
in a different light. Instead of being an isolated aberration this event may well be 
indicative of quite a substantial climatic excursion similar in scale to that claimed for 
Lake Tyrrell. The shorter duration of high lake conditions is only to be expected, given 
that Lake Frome is further from the coast than is Lake Tyrrell and thus subject to higher 
rates of evaporation and lower average rainfall 
The apparent difference in vegetational response to mid Holocene rainfall increases at 
Lakes Tyrrell and Frome is not as severe as it first seems. At Lake Tyrrell the dramatic 
changes in landscape appearance are related to expansion and contraction of Callitris and 
the appearance if Eucalyptus dominated vegetation in areas around the lake. Other taxa 
remain curiously unaffected by changes in rainfall. 
Of the two taxa, changes in Callitris populations are the easiest to tie directly to rainfall 
trends. Callitris has been a part of the flora around Lake Tyrrell throughout the 
Holocene. Expansion occurred in the high lake interval between 6500 BP and 2500 BP and 
contraction characterised the drier periods, as between 2500 BP and 800 BP. Although 
Callitris pollen were not identified by Singh (1981) the later study of pollen from the 
centre of Lake Frome (Singh and Luly 19'1) found no trace of an expanded Holocene 
Callitris phase comparable with that occurring at Lake Tyrrell. 
At the present time, Callitris populations near Lake Frome are closely associated with 
the Flinders Ranges. In the wetter southern areas of the Ranges, such as in the vicinity of 
Hawker, Callitris woodlands are the dominant vegetation spreading widely over hill 
slopes, plains and valleys. In areas of lower rainfall to the north, Callitris is increasingly 
confined to hillslopes which provide a little extra moisture, coarser soils and, probably, 
some protection from fire. Increased rainfall would presumably trigger an expansion of 
Callitris populations within the Flinders Ranges with at least some potential for spread 
to lowland areas adjacent to the ranges. The lack of expanded Callitris values 
corresponding to stratigraphic evidence of higher lake levels suggests that the increased 
rainfall was not enough to allow a substantive increase in Callitris within the lake 
pollen catchment, and that much of the water which flowed into the lake had its 
ultimate source as runoff from within the Flinders Ranges. 
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The rise in Eucalyptus percentages coincides with increasing lake levels, but Eucalyptus 
survives the subsequent drier conditions and persist to modem times. In this sense mallee 
vegetation cannot be said to be closely linked to moisture conditions except in that 
increased rainfall would enable colonisation of new sites and development of the 
community around the lake to proceed more easily. In this analysis, the coincidence of 
rising percentages of Eucalyptus and rising lake levels is to an extent serendipitous, 
marking the gradual inland migration of mallee eucalypts as part of a general recovery of 
woodland vegetation after the end of the Pleistocene. The mallee Eucalypts imposed 
themselves upon the pre-existing flora which appears to have contained most of the taxa 
which make up the understory of communities currently found in northwestern Victoria.It 
appears that a wave of eucalypts moved past Lake Tyrrell about 6500 BP, presumably as 
part of a more general occupation of plains and dunefields previously dominated by 
Casuarinaceae woodland. 
There is clearly a lag of 4000 to 5000 years between this phase of migration and the 
establishment of Eucalyptus woodlands elsewhere. This is not to say Eucalypts were not 
found in northwestern Victoria prior to 6500 BP (the Eucalyptus curve in Fig. 7.11 clearly 
shows this to be false). It is highly likely that taxa such as E. camaldulensis and E. 
largiflorens rapidly occupied riverine corridors, but survival away from these areas is an 
altogether more difficult proposition. Eucalypts may also have occupied hills of the 
Central Highlands rather earlier than 6500 BP, partly because these areas are closer to 
presumed refugial areas to the south and south west, but also because of the 
orographically enhanced rainfall offered by highland areas. 
The early occurrence and persistence of Eucalyptus pollen in diagrams from Lake Frorne 
(Singh 1981) may well be the result of the nearby Flinders Ranges acting as a refuge area 
during the glacial maximum and as a seed source from which the stands of Eucalyptus 
camaldulensis and E. microtheca which line some of the creeks in the area could spring. 
The wave of migrating mallee Eucalypts stopped well short of Lake Frome, where modem 
rainfall of between 100 and 125 mm per year (Singh 1981) is insufficient to support a 
widespread Eucalyptus dominated flora. 
There is something of a paradox here. On the one hand, stratigraphic and mineralogical 
evidence point to quite pronounced changes ln water balance at both Lakes Tyrrell and 
Frome. On the other, biological indicators, which from first principles ought to be the 
more sensitive to climatic change, show a far less dramatic response. The differences raise 
some uncomfortable questions about our understanding of the magnitude of climatic 
187 
fluctuations through the Holocene and perhaps suggest that inertia imposed by site 
characteristics has led to underestimation of climatic volatility during the last 10,000 
years. 
By far the greatest number of sites which chart the course of Holocene climatic changes 
are located along the humid fringes of the continent. fn many respects these areas are 
among the least sensitive of any to climatic change and present the greatest problems in 
untangling possible explanations for those changes which do occur. Rainfall, lake levels 
and groundwater history are enmeshed with, and modified by, sea level changes to the 
extent where it is next to impossible to unequivocally identify the effects of specific 
environmental controls have on vegetation. Matters are made still more frustrating in the 
remarkable basalt province of western Victoria. Volcanism has provided a plethora of 
lakes and swamps suitable for pollen analysis but weathering of basalt lava has also 
produced a suite of heavy day soils which restrict the range of taxa which can make use 
of the region and therefore adds an element of complacency to vegetational responses to 
environmental change. 
Sites from the highlands can provide more specific information. Although rainfall 
patterns in the highlands have significant influence over the modern vegetation, 
temperatures through changes in altitudinal range, seem to have historically been the 
most potent influence on interpretations of the environmental record (DeDeckk,er et al 
1988). Data from montane sites in southern Australia suggest that optimum (ie warmest) 
climates occurred between about 8000 BP and 5000 BP (DeDeckker et al 1988) but provide 
little information concerning precipitation in catchments which feed major drainage 
systems flowing inland. 
Making the link between temperature sensitive responses in highland areas and moisture 
dependent responses in the lowlands is not easy. On the time scale of glacial and 
interglacial cycles (hundreds of thousands of years) a clear relationship can be shown to 
exist between periods of high global temperature and high levels of precipitation (Singh 
and Geissler 1986). At a time scale more suited to analysis of Holocene 
palaeoenvironments (thousands of years) the eonnection is less certain and at the scale of 
synoptic climatology it is entirely absent. Even major events such as the Southern 
Oscillation, which is likely to be a significant factor in long term changes in water balance 
over most of eastern Australia, cannot clearly be related to temperature driven phenomena 
(or anything else for that matter!). 
Maximum temperatures in the Holocene of southeastern Australia(the so called 
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Hypsithermal or climatic optimum) appear to have occurred somewhat earlier than did 
rainfall maxima (8000 BP as opposed to 6500 BP (DeDeckker et al 1988)) but both 
temperature and rainfall began to decline after about 5000 BP. The delayed onset of 
higher rainfall, as reflected in raised lake levels, might be due to any combination of lags 
in transmission of water into the lakes, improved dating which can resolve previously 
hidden relationships or unsuspected complexities in climatological processes. It is 
indicative of the kind of difficulties which are encountered when attempting to 
synthesise the results of studies carried out on sites which respond to different climatic 
parameters. The relatively small temperature changes postulated for montane areas 
should not be used as grounds for underestimating the extent of changes occurring in other 
climatic variables. On Holocene time scales it may be necessary to re-assess the conceptual 
nexus which binds temperature and rainfall in palaeoclimatic reconstructions. 
7. 6 H-Olocene environmental cbange and the archaeology of northwestern Yktoria 
So far I have sought to present Lake Tyrrell as an example of an environment delicately 
poised to respond to changes in regional water balance. This volatility is clearly 
illustrated by the changes in vegetation identified from fossilised pollen assemblages. It 
also has a significant bearing on the ways people interact with their environment. 
Aboriginal occupation of the mallee was dearly geared to making the most of an 
uncompromising and specialised habitat. Ethnographic records suggest usage was strictly 
seasonal, taking advantage of periods when resources were most readily available (May 
and Fullagar 1980). Permanent, or at least long term, camps were concentrated around 
reliable water sources such as Lake Hindmarsh or Albacutya. Forays into the dune fields 
were supported by transient waters held in clay pans after rain or by water carried in 
animal skins and the like (May and Fullagar 1980). 
The archaeological evidence accumulated by Ross (1981) reflects this sporadic use of 
mallee environments. All the sites recorded by Ross (1981) are surface scatters of shell or 
stone fragments which appear to mark camp sites briefly occupied, then abandoned. 
Ross (1981) argues that Holocene occupation of the Victorian mallee occurred in two 
distinct phases. Early Holocene sites appear to be confined to the northern mallee around 
Raak Plain. Ross attributes the presence of these sites to increased use of rich mallee food 
resources during a period of increased rainfall between 12,000 BP and 7000 BP. In the drier 
conditions after 7000 BP people retreated to more reliable sources of water along the 
Murray River. 
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A long hiatus in occupation ensued until some time after 4500 BP when a more general 
movement into the mallee occurred. Ross (1981) attributes this second phase of utilisation 
as a response to population pressure exerted by increasing populations in southwestern 
Victoria and suggests that the need to find new land overcame a reluctance to move into 
relatively inhospitable environments. 
I am not in a position to evaluate the archaeological evidence, but the information from 
Lake Tyrrell can provide an alternative explanation for the patterns observed. Of 
particular interest to Ross (1981) is the apparent failure of site patterns identified from 
northwestern Victoria to conform with predicted distributions based on models of hunter-
gatherer society which attempt to portray humans as part of an ecosystem or biome. This 
view of human relationships with the environment is especially pronounced among 
workers studying arid or semi-arid environments (for example Clark 1980, Alchin et al 
1978, Allen 1974, Yellen and Harpending 1972, Lampert and Hughes 1987) where it can be 
roughly translated to mean that times of abundant water will be characterised by widely 
spread occupation, whilst dry intervals will force people to retreat towards more reliable 
water sources. 
The problem encountered by Ross (1981) is to explain the restricted archaeological 
evidence at a time when lake levels were presumed to be high in northwestern Victoria. 
Evidence for high lake levels between 12,000 BP and 7000 BP depend upon the 
interpretation of shore line stratigraphy and chronology at Pine Plains and on the 
provenance of fresh water mussels found in archaeological sites around Raak. 
Ross (1981) follows Macumber (1980) in equating the onset of high lake conditions at 
Wirrengren Plain with a lake full stage beginning around 11,000 BP in Kow Swamp, a lake 
fed largely by overflow from the Murray River. Sandy beaches found 11 m and 1 m above 
the floor of Wirrengren Plain are interpreted as a regressive sequence deposited as the 
early Holocene lake dried and vanished. Radiocarbon dates of 7460 ±120 BP (SUA-763) 
and 7280 ±105 BP (SUA-764) from the 11 m and l m beaches respectively were used to 
constrain the time of Jake contraction. 
Hydrological reconstructions from Lake Tyrrell do not fit this model of lake level change, 
despite its drawing the bulk of its water from the same area of the Victorian Central 
Highlands as did Wirrengren Plain. The supposed high lake stand at Wirrengren Plain 
coincides with an interval of ephemeral lake conditions in Lake Tyrrell whilst the demise 
of the lake at Wlrrengren Plain occurred just as Lake Tyrrell began to fill. This 
discrepancy has important implications for the interpretation of settlement patterns in 
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the mallee, as well as causing some concern when attempting to extrapolate 
palaeoenvironmental conditions determined from Lake Tyrrell into a regional context 
Neither Macumber (1980) nor Ross (1981) advances any firm evidence which can be used to 
identify the time at which water levels in Wirrengren Plain began to rise. The pulse of 
water which inundated Kow Swamp and is also found in several other sites associated 
with drainage from the Eastern Highlands is not a universal feature of sites from 
southeastern Australia and is probably best regarded as phenomenon specifically related 
to events in the highland catchments of major rivers such as the Lachlan, Darling and 
Murray. It is certainly no\ recorded from Lake Tyrrell and it would be unwise to place much 
weight on a correlation between sites of quite different hydrological provenance, such as 
Kow Swamp and Wirrengren Plain. Radiocarbon dates from Wirrengren Plain do little to 
clarify this point. Dates appear to have been obtained from landforms which require time 
to develop and thus, in this instance, are minimum ages for lake level changes. 
Interpretation of radiocarbon dates from Wirrengren Plain is made more difficult by a lack 
of specific information about the context of the dates. It is not clear whether the shells 
analysed were composed of calcite or aragonite and whether or not post depositional 
changes in shell structure have occurred. Neither is it clear whether the shells are found 
deep in the beach, at the top of the beach or even whether the beaches are large long 
lived features or scrappy remnants of a brief stand of deep water. What is clear, however, 
is that the radiocarbon dates cannot be used to discriminate between relative ages of the 
two beaches. Stratigraphically it makes sense for the 1 metre beach to post date the 
11 metre beach but overlap of error terms calculated for each date do not allow this 
relationship to be pursued. 
Until extra information from Wirrengren Plain is available, perhaps supplemented by 
studies of lakes further down the Wimmera River (such as Lakes Hindmarsh or 
Albacutra), the hydrological implications of Wirrengren Plain's beaches remain 
enigmatic enough to warrant examining archaeological conclusions in conjunction with lake 
level fluctuations and vegetation history obtained from Lake Tyrrell. 
The scarcity of early Holocene archaeological sites in north western Victoria is readily 
understood in an environment such as that which prevailed around Lake Tyrrell between 
10,000 BP and 6500 BP. Although open woodlands which dominated during this period 
would have provided easy travelling and a suitable habitat for game such as Emu or the 
larger kangaroos, climates were at least as dry as today and limited water supply would 
have been a significant constraint upon human use of the region. 
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Populations may well have concentrated along the Murray River, as suggested by Ross 
(1981) leaving transient use of areas outside the immediate riverine tract 
archaeologically invisible. Wirrengren Plain would have been dry and waters entering 
the Wyperfeld Lakes saline, rendering these areas as unattractive for longterm residence, 
hence Ross (1981) could find no early Holocene sites there. Shell scatters found at Raak 
Plain and dated to about 7600 BP (Ross 1981) were probably carried on to the plain during 
forays to obtain materials such as stone or ochre not available along the nearby Murray 
River (Kefous 1982). Freshwater mussels are unlikely to have ever grown in the day pans 
of Raak Plain, let alone at a time when conditions appear to have been dry elsewhere. 
The hiatus in apparent use of the mallee between 7000 BP and some time after 4500 BP 
now becomes the main problem in analysing and explaining archaeological site 
distribution. Water levels in Lake Tyrrell rose dramatically at about 6500 BP and 
remained high until 2200 BP. Peak lake levels, and presumably rainfall totals, were 
attained between 6500 BP· and 5000 BP. The gap in archaeological representation during 
this interval, which Ross (1982) strongly argues is a true reflection of extremely limited 
usage and not a problem with archaeological visibility or site preservation, presents 
exactly the same problems for models of occupation depending primarily on water 
availability as Ross (1981) identified for the wet phase alleged to have occurred between 
12,000 BP and 7000 BP. The widespread occurrence of sites predicted is simply not found. 
Changes in water balance were accompanied by severe changes in regional vegetation. I 
believe that this radical transformation of an open woodland to a dense mallee comm uni ly 
was instrumental in reducing the attractiveness of mallee districts to human habitation. 
Dense mallee is a difficult environment. The dense mallee around Lake Tyrrell thoroughly 
intimidated European explorers trying to push through to the coast from the Riverina of 
New South wales and proved to be the bane of farmers trying to move inland from already 
settled coastal regions (Bate 1989). It is difficult to compare the perceptions of landscape 
held by European farmers and Aboriginal hunter-gatherers, but there must at least have 
been some kindred feeling as each was confronted by a new and unfamiliar environment, 
albeit several thousands of years apart. 
The changes from open woodland to dense mallee was rapid, taking perhaps a century or so 
to completely transform the vegetation at any given point. Accompanying the change in 
vegetation would be a change in fauna, reduced ease of travel and even a change in the 
'feel' of the country. Development of dense mallee vegetation would have probably 
reduced the variety of animal resources available to people. High densities of macropods 
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and emu found in mallee National Parks are largely due to the presence of permanent 
water sources kindly, if unintentionally, provided by graziers more interested in 
maintaining livestock than kangaroos. Increased rainfall in the region between 6500 BP 
and 2200 BP would have given more regular access to fresh water held in clay pans and 
water holes but significant droughts would still have been common place, grazing sparse as 
a result of competition from the mallees, and the faunal populations highly variable. 
Water in major lakes would have been salty and therefore unattractive to man or beast. 
On balance there seems little real incentive for people to abandon a settled, river oriented 
way of life to venture into the mallee in an archaeologically visible sense simply because 
of a change in climate and vegetation. Some further trigger seems to have been required. 
Whether it was intensification of settlement in coastal areas with consequent increases in 
population pressure and migration into marginal areas as suggested by Ross (1981) or 
simply a gradual recognition that mallee communities could provide rich seasonal flood 
supplies if exploited correctly is an open question. That people eventually began to live in 
the mallee on a regular basis is undoubted. The puzzle is why it seems to have taken so 
long. 
Lags in human responses to changing environmental conditions are not unknown from the 
Australian archaeological record. In a study of the archaeology of Princess Charlotte Bay, 
north Queensland, Beaton (1985) found a lag of about 1300 years between the stabilisation 
of sea level following the last glaciation and the earliest indications of the exploitation 
of coastal resources. It took a further 1200 years before middens of marine shellfish become 
part of the archaeological record. Beaton (1985) argues that at least part of the reason for 
the delay in adopting a coastally oriented economy, despite the obvious attractions, was 
unfamiliarity with an environment fundamentally different from inter-tidal regimes 
which prevailed through most of the Pleistocene. 
Despite the obvious differences between tropical coasts and the mallee of southern 
Australia, there is a common thread of rapid environmental change and lags in human 
responses to those changes. Where adjustments in the overall economy of society is 
concerned, as seems to be reflected in technological changes reported by Ross (1981), a 
significant period of learning and experimentation must have occurred. This would be very 
unlikely to be detected in the archaeological record. 
Where environmental changes were variations on a theme rather than a complete 
alteration of character, human reactions could be more prompt as the necessary 
adaptations were already In place. Results of archaeological surveys begun in the arid 
193 
inland around Lake Frome and in the Simpson Desert, preliminary through they are, may 
serve to illustrate this point. Cultural and economic adaptation to arid environments must 
have begun fairly early. People were able to survive in the Central Desert throughout the 
height of the last glaciation (Smith 1987,1989, Veth 1989) and would have required very 
specialised skills and adaptations to do so. 
Although it was possible for people to live in the desert during the glacial maximum, few 
would have chosen lo do so if alternatives were available. Lampert and Hughes (1987, 
1988) argue that the Flinders Ranges offered sanctuary for desert people who abandoned 
the open plains for an existence focused on water in the ranges. These was no opportunity to 
alter lifestyles, however, as the fundamentals of vegetation and environment remained 
unchanged and cultural solutions to the problems posed by life on the plains would have 
been equally appropriate to those of the Flinders Ranges. Amelioration of glacial 
climates allowed people to move back on to the plains relatively quickly. No major 
cultural re-organisation was necessary, so there was no hiatus between amelioration of 
climate and renewed occupation, as seems to have occurred in the mallee districts of 
northwestern Victoria. 
7. 7 Holocene environmental histozy and the management of maUee lands 
Whilst engrossed in speculation about the impacts of Holocene environmental changes on 
Aboriginal use of the mallee, it is easy to forget that despite the trappings of technology 
our own economic grip on the mallee lands is subject to equally severe environmental 
constraints. The mallee districts of Victoria are, at least, marginal cropping country and 
the economic pressures which led to the ruin of so many farmers over the years force the 
survivors to over-exploit their country to the extent that salinisation and wind erosion 
now blight large parts of the region. 
Many of the worst problems have roots in processes which were active in the past and 
have been given renewed impetus by the effects of land clearing, river regulation and 
irrigation. The sensitivity of mallee landscapes to hydrological change is a key 
component in the problems which loom large at present. I! is, also clear that vegetation 
plays a crucial role in regulating the impacts changing hydrological regimes have on the 
region. This close relationship between vegetation, landforms and hydrology is 
fundamental to informed management of mallee environments and gives an indication of 
the role palaeoenvironrnental research can play in practical use of the land. 
The evolution of land management planning is characterised by decision made on two 
distinct levels. Policy decisions are usually taken in an atmosphere thoroughly divorced 
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from the practical aspects of actually managing the land. Politics and economics tend to be 
the imperatives which shape policy directions, so there is a limited requirement at this 
level for the type of information palaeoenvironmental research can provide. This 
information is more useful at the second tier of decision making, where measures are 
devised which set in place the concrete measures which seem most likely to achieve 
policy goals. 
Much of the basic information required by land managers is drawn from programs intended 
to define, monitor and model key environmental indicators. All too often this process is 
frustrated by the spatial and temporal heterogeneity of natural systems or by even more 
strident demands for fiscal restraint and some major disasters have been the result. 
Palaeoenvironmental research can help to fill the gaps in sampling regimes by extending 
the time-depth of monitoring programs. This allows the range of variation observed 
during monitoring to be assessed in the light of cycles of change and instability occurring in 
the recent past. Additional time depth can also be useful in severely disturbed areas (such 
as the Victorian mallee) where changes are measured against standards already 
devalued by human interference (Longmore 1988). 
Analyses of the fossil record from Lake Tyrrell shed light on a number of environmental 
problems. Some, such as the linkages between salinisation and removal of native 
vegetation, are now reasonably well understood. Others may be of little immediate 
relevance but give cause for reflection upon the long term viability of agriculture in the 
region. Evidence of the persistent dry period between 2200 BP and 800 BP could be placed 
in this category. Yet others can be considered potential problems in need of urgent research 
in order to assess threats and to decide whether or not to begin urgent pre-emptive control 
measures. 
A topical example of this kind of problem is provided by the predictions of global climatic 
change associated with increasing atmospheric concentrations of carbondioxide and other 
gases which affect the efficiency with which the atmosphere traps re-radiated long 
wave radiation (Henderson-Sellers and Blong 1989, Pittock 1983, Pearman 1988). More 
efficient trapping of long wave radiation is expected to increase mean global temperature 
by between 3oC and soc, assuming atmospheric concentrations of greenhouse gases are 
doubled. Evaporation rates and levels of precipitation are expected to increase (again on a 
global scale) and latitudinal pressure belts are expected to expand polewards, effectively 
increasing the influence of tropical and sub-tropical weather systems (Henderson-Sellers 
and Blong 1989). 
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Predictions of global climatic change as a result of the greenhouse effect are generally 
based on the results of Global Circulation Models which integrate climate data drawn 
from large cells (averaging 300 km by 500 km) using established rules governing 
atmospheric circulation (Henderson-Sellers and Blong 1989). Whilst global models seem 
to operate reasonably well, their spatial resolution is far too coarse to provide the 
information required for regional scale prediction and it is this scale of analysis which is 
required for management purposes. 
Improved spatial resolution and detail in prediction on the regional scale is the goal of 
much current research. Methods employed include statistical comparison of ensembles of 
warm and cold years, educated guessing based on knowledge of atmospheric dynamics and 
teleconnections, numerical modelling and, naturally, recourse to the fossil record from 
times around the Oimatic Optimum (Pittock and Salinger 1982, Pittock 1988, DeDeckker 
et al 1988). 
Models of greenhouse induced climate change based primarily on palaeoenvironmental 
data have several significant drawbacks (Henderson-Sellers and Blong 1989). Chief 
among them is the relatively long period of time most proxy data sources take to reach 
equilibrium with climatic conditions. Palaeoenvironmental reconstructions therefore 
provide a guide to the end point of a sequence of rapid change, but relatively little 
information about the intervening steps. 
Numerical modelling of climate is likely to prove a far more sensitive indicator of the 
directions rapid environmental change is likely to proceed but given the limited duration 
of instrumental records used in modelling independent testing of the results provided by 
numerical models is vital. It is in a testing rather than a predictive role that 
palaeoenvironmental research can play a most valuable role. 
The similarity between climates during the climatic optimum and those expected to occur 
under the influence of the greenhouse effect (Pittock and Salinger 1982, Pittock 1988, 
DeDeckker et al 1988) is fortuitous, as the vast majority of palaeoenvironmental sites 
contain evidence from that time. 
High mid-Holocene water levels in Lake Tyrrell are broadly consistent with climatic 
predictions advanced by Pittock (1988) and extend the geographical spread of test sites 
into the semi-arid zone. It is important to remember, however, that it is the pattern built 
up from numerous sites which will allow the inevitable differences in regional responses to 
be analysed. Whilst it is always desirable to have more information to work with, 
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several glaring gaps are obvious in the distribution of Holocene palaeoenvironmental 
sites. 
The arid zone, especially in northwestern Australia, is extremely poorly served, but from 
a greenhouse point of view is an area likely to be a nett beneficiary of increased rainfall 
(Pittock 1988, Henderson-Sellers and Blong 1989) and is unlikely to have its contribution to 
the national economy severely disrupted. There is even enough room in most of these areas 
for ecological re-adjustment to changing climates to be possible, minimising the risk of 
triggering a new wave of extinctions. 
The same cannot be said for southern Western Australia and southwestern South Australia 
where predictions of decreased rainfall could spell disaster for the cereal growing 
economy of the region. There is a hint of drier mid Holocene climates in work by Kendrick 
(1977) on the Swan River in Perth but no support is offered by Churchill (1968). Here is an 
obvious opening for further palaeoenvironmental research in an area identified by climate 
modelling as behaving at variance with the rest of the continent. Salt lakes on the Eyre 
Peninsula of South Australia are potentially the best sites to investigate this question as 
they are close to the purported boundary between increasing summer rain and decreasing 
winter rain (Henderson-Sellers and Blong 1989) and yet still retain enough floristic links 
to be readily compared with the numerous sites analysed from eastern Australia. 
In directing the above discussion towards the greenhouse effect I have deliberately 
avoided any attempt to use the fossil record from Lake Tyrrell to address any of the out-
standing questions about whether or not dimates will change as a result of the build up of 
greenhouse gases. Rather I wish to emphasise that there is a role for 
palaeoenvironmental research in land management, be it as studies of the history of 
woody weeds, vegetational responses to groundwater pressures or the impact of climatic 
change. 
In many respects the studies from Lake Tyrrell are of a preliminary nature and open a 
multitude of avenues for future research. Some avenues are remedial in nature, patching 
obvious holes in the work already undertaken. Others can build on the start made at Lake 
Tyrrell by extending the geographical spread of sites into the continental interior with a 
clearer idea of the processes which govern the behaviour of pollen entering salt lake 
systems. 
Further investigation of the modern pollen rain in semi-arid areas is essential. The most 
critical area is establishing relationships between pollen production, composition of the 
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pollen rain and rainfall. Variability of rainfall in semi-arid and arid areas is a 
significant hindrance to pollen trapping studies which attempt to sample the full range of 
pollen spectra generated in the region. Long term pollen trapping (carried out for about 10 
years) by Singh (in progress) will go some way towards identifying the pollen signatures 
of particular vegetation types, but cannot hope to resolve the responses occurring as a result 
of low frequency events (see Singh 1981). This is particularly true in areas where 
vegetation has been severely damaged by grazing or clearing (and unfortunately this 
damage is almost universal). 
Qark andWasson (1986) approached this problem by analysing the pollen content of 
individual sediment laminae brought by floods into reservoirs, including Umberumberka 
Reservoir near Broken Hill. This technique has considerable promise in the limited areas 
served by reservoirs old enough to preserve a decent thickness of sediment. Pollen 
production during wet intervals should be readily discernible from thick laminae. Dry 
periods will be less easily described as little deposition would be expected to occur. 
Possibly the most promising approach to establishing the relationships between climate 
and pollen spectra has been descnbed by Kershaw and Nix (1988). Ranges and abundances 
of taxa are analysed in conjunction with bioclimatic envelopes (Nix 1984) to generate a 
series of curves which describe the climatic tolerances of selected taxa. The tolerance 
curves can then be used to investigate climatic implications of changing fossil pollen 
spectra in cores. 
Kershaw and Nix (1988) emphasise that the technique is most effective when employed 
with a diverse vegetation such as tropical rainforest, but in other areas particularly 
sensitive indicator taxa could be almost as useful. The pollen record from Lake Tyrrell is 
dominated by a small number of taxa, several of which could be profitably investigated 
for their bioclimatic significance. Chief among these taxa is Callitris which seems to 
grow best in a relatively narrow zone between Eucalyptus dominated vegetation of humid 
or sub-humid areas and Acacia dominated woodlands of the interior. Callitris pollen 
dominate many of the pollen spectra extracted from early Pleistocene and Pliocene sites I 
have examined from arid Australia. These plants are sure to be a key element in future 
analyses of the evolution of arid land vegetation communities and deserve a great deal of 
attention to clarify both their environmental range and ecological relationships with 
Eucalyptus. 
Bioclimatic attributes of Casuarinaceae could also be useful indicators, particularly if 
pollen of the desert adapted taxa such as Allocasuarina cristata and A. decaisneana can 
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be separated from others such as A. luehmannii, A .stricta, or the heathland taxa 
A.paludosa and A . muellerana . The local distributions of Casuarinaceae in semi-arid 
areas seem to be closely linked with soil conditions, so bioclimatic envelopes are likely to 
be broad but humid extremities of the envelopes for desert taxa may prove instructive. 
The Chenopodiaceae are another group of plants which are likely to yield a wide range of 
bioclimatic tolerance, but whose wettest extremity is likely to coincide with a 
floristically meaningful climatic boundary - that is the gradual replacement of 
Eucalyptus as the dominant tree by Acacia, Casuarinaceae and so on. Soil characteristics 
again play a role in determining the local distribution of most significant areas of 
Chenopodiaceae dominated vegetation (especially at the margins of their range) but 
apparent inverse relationship with Eucalyptus is a clue worth following. 
By contrast, I see little value in pursuing the bioclimatic tolerances of Eucalyptus, Poaceae 
or Asteraceae. Identification of Eucalyptus pollen is generally too difficult to make 
bioclimatic indices worth pursuing unless more reliable criteria can be established. The 
few distinctive taxa, such as Eucalyptus camaldulensis, are well enough known for 
bioclimatic analyses to be a small advance. Studies focusing on the mallee species of 
Eucalyptus would be the most useful. 
Poaceae pollen are even less easily identified than is Eucalyptus pollen and the 
ecological range of grasses is so great that bioclimatic attributes would be largely 
irrelevant. A more useful approach would be to examine the phenology of grasses in 
relation to rainfall. The problems Singh (1981) encountered in demonstrating a link 
between summer rainfall and grass pollen production using pollen trap catches suggests 
that a more sensitive index of grass growth and rainfall distribution is required for 
comparison with pollen trap catches. Appropriately processed remotely sensed images 
may well be the easiest way to achieve this end in areas where regular fieldwork is 
impractical, rainfall recording stations widely spaced and rainfall distribution often 
patchy. 
As is the case with Eucalyptus , Asteraceae pollen are difficult to identify and the plants 
themselves have a wide ecological range. Field observations suggest many of the 
Asteraceae are ephemeral plants whose growth is closely tied to rainfall events. Pollen 
trapping in this study did not provide any clear indication that this was the case and the 
enigmatic record of Asteraceae in the fossil pollen assemblage is a continuing puzzle. At 
this stage it is probably more important to direct attention to establishing controls over 
Asteraceae pollen production and to investigating modes of transport of Asteraceae pollen 
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than it is to working with biodimatk implications of such a widely spread pollen taxon. 
More information is needed about the dispersal characteristics of pollen in the semi-arid 
environment. Dodson (1983, 1989) stresses the importance of insect and bird pollination in 
Australian vegetation communities and the reduction in size of pollen catchments this 
implies. This question is particularly important in semi-arid areas where the bulk of 
pollen entering salt lakes seems to be airborne and not washed to the lake as occurs in more 
humid districts (Green el al 1988). Pollen trapping around isolated stands of native 
vegetation and on the surface of large salt lakes may help to identify specific components 
of the general pollen rain. Target vegetation types should include Casuarinaceae and 
Callilris woodlands, mallee and Chenopodiaceae shrublands. The mallee heaths are a 
secondary priority. 
In view of the importance of fire in the ecology of the rnallee and the unsatisfactory 
analysis of the carbonised particle record from Lake Tyrrell it is vital to have a better 
understanding of the dynamics of carbonised particle production, transport and 
preservation in semi-arid environments. Systematic studies of the type undertaken by 
Clark (1983) are badly needed. 
The fossil studies from lake Tyrrell raise a further series of research avenues. Most obvious 
is the need to determine whether the conclusions about vegetation and hydrology have 
any regional significance. There are a number of sites in the region which can be used to 
this end.Lakes Hindmarsh and Albacutya are attractive propositions as they are close to 
Lake Tyrrell, draw their water from similar parts of the Victorian Central Highlands 
and are hydrologically linked to the problematical sites on Wirrengren Plain. Other 
lakes close to the foothills of the Central Highlands may help trace the progress of 
Eucalyptus from Pleistocene refugia towards Lake Tyrrell and the rest of the mallee. 
Lakes and swamps along the Avoca River system are well placed to monitor activity of 
the groundwater discharge-recharge hinge line (Macumber 1980). There is thus a chance to 
investigate the relationships between vegetation and salinisation in an area particularly 
sensitive to fluctuations in regional groundwater tables. If the record can be extended into 
the mid Holocene wet phase which seems to mimic predicted greenhouse induced climatic 
changes, so much the better. 
Improved dating methods are essential if the palaeoenvironmental history of the arid 
lands is to be unravelled in detail. The ability of accelerator mass spectrometry (AMS) 
dating to handle small carbon samples is unmatched (Brown et al 1989) and must become a 
standard technique where funding permits. AMS dating was attempted at Lake Tyrrell 
and is planned for Lakes Eyre and Frome (Gillespie pers comm 1989). If continuing 
experiments with the technique are successful correlation of critical events in the 
evolution of individual lakes will become as routine in the arid zone as it has become on 
the humid fringe. 
Many of the most intriguing questions about the development of aridity in Australia and 
responses of the biota to progressive desiccation relate to times well beyond the limits of 
radiocarbon dating. Further exploitation of the possibilities offered by palaeomagnetic 
stratigraphy (An Zhlsheng el al 1986), thermoluminescence (Gardiner et al 1987) and 
Uranium-Thorium (Magee pers comm 1989) and ultimately, perhaps, lleryllium-10 should 
permit more informed analysis of controversial issues such as the age of human occupation 
of the arid zone, relationships between people and the megafauna and the impacts that 
people have had on the arid environment. 
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4 7 3 2 
1 3 1 5 
Selenothamnus 
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0 
2 
0 
0 
0 
() 
0 
0 
1 
0 
l 
Coprosma 
0 
0 
17 
2 
Cassia 
1 
3 
0 
1 
1 
0 
0 
0 
0 
0 
0 
6 
0 
2 
0 
0 
0 
1 
0 
3 
Gyrostemonaceae 
2 
4 
25 
5 
6 1 
6 10 
1 0 
4 4 
Myoporaceae 
0 
0 
6 
0 
3 
1 
0 
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Leguminosae 
0 
0 
0 
0 
3 1 1 
9 
11 
12 
14 
6 
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9 
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1 3 
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1 0 
l 1 
17 16 
4 3 
2 9 
3 0 
2 3 
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0 3 
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Asteraceae ( Tubuliflorae ) 
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311 521 224 
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51 125 77 
Disphyma 
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0 
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2 1 
1 0 
0 11 
5 6 
0 
0 
0 
0 
0 
0 
0 0 
0 0 
0 0 
0 0 
0 0 
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Poaceae 
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162158 166 172 
241111 189 156 
5 15 63 3J 
JI 62 700 62 
0 
Muehlenbeckia 
1 0 
0 0 
0 0 
0 1 
1 0 
0 3 
0 0 
1 2 
0 0 
0 0 
0 
3 
0 
1 
0 
1 
2 
1 
2 
2 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
319 
(iJ 
40 
188 
?9 
al 
228 
45 
16 
81 
1 
0 
0 
0 
0 
1 
3 
0 
0 
0 
203 
46 
53 
192 
61 
151 
181 
55 
11 
4 
0 
0 
0 
1 
1 
1 
0 
0 
2 
0 
352 
68 
48 
(iJ 
145 
123 
157 
ffi 
0 
5 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
223 
85 
48 
73 
94 
151 
so 
21 
38 
2 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
176 g; 181 
46 'll 13 
66 45 34 
135 170 75 
114 164 159 
136 63 181 
224 123 153 
33 22 19 
44 Z3 15 
0 17 1 
4 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
2 
0 
0 
2 
0 
0 
0 
0 
0 
273 
17 
41 
99 
155 
248 
332 
35 
10 
0 
2 
0 
1 
0 
1 
0 
3 
1 
0 
0 
&l 
43 
40 
61 
193 
155 
133 
6 
33 
0 
0 
0 
0 
2 
0 
1 
2 
0 
0 
0 
120 
120 
JI 
83 
222 
82 
177 
Z3 
24 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
Hibbertia 
0 2 
0 2 
0 1 
1 0 
1 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
Proteaceae 
0 0 
0 0 
0 1 
0 0 
0 0 
0 0 
0 1 
1 1 
0 0 
0 1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
2 
2 
0 
0 
0 
1 
1 
2 
1 
0 
0 
0 
2 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
8 
0 
2 
0 
0 
0 
0 
1 
0 
1 
2 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
4 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
3 
0 
2 
1 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 0 
0 12 
0 1 
1 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
1 
0 
3 
1 
2 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
2 
0 
1 
1 
1 
0 
2 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
Berty a 
0 0 
0 2 
3 0 
0 0 
4 1 
2 3 
1 0 
1 0 
0 0 
0 1 
0 
Beyeria 
0 1 
3 3 
0 10 
7 6 
7 9 
6 7 
7 8 
3 5 
0 7 
2 7 
0 
0 
1 
0 
3 
0 
5 
2 
2 
2 
0 
1 
1 
4 
2 
1 
0 
0 
1 
0 
0 
3 
1 
0 
0 
0 
2 
1 
0 
0 
0 
1 2 6 
9 13 13 
11 0 15 
16 16 8 
2 1 2 
1 1 1 
5 2 5 
2 13 6 
5 0 12 
3 3 3 
0 
1 
2 
2 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
3 
0 
2 
1 
0 
0 
2 10 
9 7 
15 22 
10 3 
2 4 
5 4 
1 4 
9 8 
6 0 
0 0 
1 
2 
0 
1 
0 
2 
4 
0 
1 
0 
8 
6 
6 
6 
2 
9 
7 
7 
6 
0 
2 
3 
1 
3 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
8 2 
14 10 
5 6 
4 3 
0 3 
3 2 
8 3 
8 1 
3 2 
0 0 
0 
0 
0 
2 
2 
1 
1 
0 
3 
0 
4 
3 
3 
5 
5 
4 
2 
1 
1 
0 
0 
0 
1 
1 
0 
5 
5 
1 
1 
0 
0 
3 
5 
1 
2 
1 
1 
0 
0 
0 
9 3 
8 10 
11 15 
3 5 
2 5 
5 13 
12 3 
1 6 
4 6 
0 0 
4 
2 
3 
1 
3 
0 
0 
0 
0 
0 
5 
11 
9 
1 
6 
3 
6 
8 
1 
0 
Poranthera 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 0 
0 0 
0 
Ampere a 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 0 
1 0 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Adriana 
0 0 
0 0 
0 0 
0 0 
1 0 
1 0 
1 0 
0 3 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Selenothamnus 
0 0 
0 0 
0 0 
0 1 
0 0 
1 1 
3 3 
1 0 
0 1 
1 0 
0 
0 
1 
3 
2 
0 
5 
1 
3 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
4 
0 
0 
1 
4 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
1 
2 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
2 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
0 
0 
1 
1 
0 
0 
0 
1 
0 
0 
0 
4 
0 
0 
0 
2 
2 
1 
0 
3 
7 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
2 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
l 
0 
0 
1 
0 
0 
Coprosma 
0 0 
0 0 
0 0 
0 0 
6 2 
0 2 
6 0 
2 2 
0 0 
0 0 
0 
Cassia 
0 0 
1 0 
0 1 
0 0 
0 0 
0 0 
1 1 
1 1 
0 0 
0 0 
0 
0 
0 
0 
0 
1 
6 
1 
4 
6 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
4 
0 
1 
8 
0 
0 
0 
0 
0 
0 
0 
3 
1 
2 
0 
0 
0 
1 4 
0 0 
1 1 
6 0 
1 1 
0. 0 
1 0 
1 0 
2 0 
0 1 
0 
0 
0 
0 
1 
2 
3 
0 
0 
0 
2 
3 
4 
1 
0 
0 
l 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
3 
0 
0 
2 
4 
0 
0 
1 
0 
0 
0 
0 
0 
2 
0 
0 
1 
I 
0 
1 
0 
0 
0 
2 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
8 
0 
0 
0 
2 
0 
0 
2 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
1 
3 
3 
0 
0 
0 
2 
1 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
0 
3 
4 
7 
3 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
4 
0 
0 
0 
1 
1 
1 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
1 
l 
3 
3 
0 
0 
0 
1 
2 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
1 
2 
3 
2 
2 
0 
0 
1 
0 
1 
1 
0 
0 
1 
0 
0 
0 
Gyrostemonaceae 
2 4 
2 5 
3 0 
1 1 
18 11 
12 3 
2 7 
6 8 
0 0 
0 0 
0 
7 
6 
3 
3 
0 
2 
6 10 
2 11 
4 1 
4 7 
7 2 
5 0 
0 2 
Myoporaceae 
0 1 
1 1 
0 0 
0 0 
1 2 
2 1 
0 2 
6 2 
0 0 
0 0 
0 
1 
1 
0 
1 
1 
3 
1 
0 
3 
0 
1 
0 
1 
1 
2 
0 
0 
0 
0 
0 
10 
0 
2 
4 
2 
3 
7 
1 
0 
0 
2 
0 
0 
1 
0 
0 
4 
0 
0 
0 
12 
1 
1 
2 
1 
6 
6 
2 
1 
0 
2 
1 
0 
2 
2 
1 
1 
0 
0 
0 
15 
0 
0 
2 
9 
4 
0 
1 
0 
0 
0 
1 
0 
2 
1 
3 
0 
0 
0 
0 
3 
0 
0 
1 
3 
9 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
5 
1 
0 
11 
3 
5 
6 
1 
0 
0 
2 
0 
2 
1 
1 
1 
2 
1 
0 
0 
2 
0 
0 
3 
4 
3 
2 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
4 
0 
1 
1 
9 
5 
4 
1 
1 
0 
2 
0 
0 
0 
1 
0 
2 
0 
0 
0 
5 
1 
2 
1 
8 
14 
16 
1 
0 
0 
0 
0 
0 
0 
2 
0 
1 
0 
0 
0 
2 
0 
0 
5 
9 
6 
5 
0 
0 
0 
0 
0 
0 
0 
6 
6 
0 
0 
1 
0 
4 
2 
2 
4 
9 
5 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Nitraria 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 2 
0 0 
0 0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Pomaderris 
0 1 
0 0 
0 0 
0 0 
1 0 
1 0 
2 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
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0 
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0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Spyridium 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 0 
0 1 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
3 
2 
0 
0 
0 
Cryptandra 
0 0 0 
0 0 0 
0 0 
0 0 
1 0 
1 0 
0 0 
2 0 
0 0 
0 0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
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0 
0 
0 
0 
0 
2 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Rhamnaceae 
0 0 
0 0 
0 0 
0 0 
2 0 
0 0 
0 0 
3 0 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
Opercularia 
1 1 
4 2 
5 2 
7 4 
6 6 
6 6 
11 1 
9 6 
0 1 
1 3 
0 
3 1 1 
1 8 6 
11 1 4 
9 4 2 
3 5 3 
2 2 4 
3 8 13 
7 13 9 
6 4 4 
5 0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
7 
2 
10 
12 
4 
7 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
6 
4 
6 
9 
8 
1 
8 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
7 
5 
4 
2 
3 
6 
8 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
9 
4 
10 
6 
8 
7 
3 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 2 
6 10 
6 4 
6 7 
7 1 
0 7 
8 4 
5 9 
6 6 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
3 
4 
1 
7 
15 
13 
3 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
8 
6 
6 
3 
7 
6 
7 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
3 
11 
8 
12 
12 
6 
2 
0 
Asteraceae ( Tubuliflorae ) 
)) 68 
127178 
132105 
63 46 
168161 
167109 
113104 
113 8J 
8 3J 
48 4' 
0 
61 161 
285 l!I 
114 148 
156 251 
78 65 
114 74 
103 121 
109 105 
'51 19 
63 41 
Goodeniaceae 
0 0 
0 4 
2 2 
0 2 
3 1 
0 0 
1 1 
2 2 
0 0 
0 0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
2 
2 
2 
1 
1 
0 
0 
237 
110 
61 
113 
29 
32 
139 
35 
24 
42 
1 
3 
0 
1 
0 
0 
4 
0 
1 
0 
151 
106 
19 
129 
17 
117 
w 
52 
21 
6 
0 
2 
0 
8 
0 
3 
1 
0 
0 
0 
281 213 
77 132 
56 104 
so 128 
68 71 
'51 94 
% 'fl 
33 16 
0 3 
1 1 
4 
0 
0 
0 
0 
1 
2 
0 
0 
0 
1 
3 
0 
0 
2 
1 
0 
2 
0 
0 
113 so 214 
so 19 82 
103 46 58 
w 147 9 
71 61 137 
104 46 129 
113 '51 52 
&l 19 l\ 
34 8 )) 
0 13 0 
3 
0 
4 
0 
0 
0 
2 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
2 
0 
0 
3 
2 
0 
0 
0 
0 
311 118 
110 s; 
75 82 
53 fS1 
101 151 
180 w 
151 58 
16 33 
9 29 
0 0 
4 
0 
0 
1 
2 
1 
3 
0 
1 
0 
0 
1 
1 
0 
1 
1 
3 
0 
0 
0 
120 
101 
116 
$ 
138 
Ill 
71 
18 
32 
1 
4 
1 
1 
0 
1 
0 
1 
0 
1 
0 
Poaceae 
269 200 
64 8) 
ffi 9J 
92 21 
115138 
ffi 116 
156 'J7 
242 93 
7 54 
SJ S9 
0 
'll 'l5 113 
SJ f51 65 
19 73 129 
144 147 'J7 
&; ffi 41 
149 74 157 
115 130 243 
227 197 158 
118 49 ffi 
84 4J S2 
Disphyma 
0 0 4 
0 0 0 
0 0 1 
1 0 0 
0 3 1 
1 0 3 
0 2 0 
2 1 2 
0 0 0 
0 1 0 
0 
1 
0 
0 
1 
1 
2 
1 
1 
0 
0 
2 
0 
0 
0 
1 
4 
s 
0 
0 
0 
42 114 
61 48 
113 S2 
93 73 
71 €9 
122 'll 
126 E9 
19 113 
0 0 
2 2 
2 
0 
0 
1 
1 
5 
1 
0 
0 
0 
1 
1 
4 
1 
0 
2 
1 
0 
0 
0 
75 
74 
55 
90 
45 
161 
E9 
6.3 
93 
0 
1 
0 
0 
0 
0 
2 
0 
0 
1 
0 
ffi 31 62 
81 93 74 
90 SJ 'l5 
121 103 62 
S2 72 120 
76 51 116 
149 S9 162 
112 ffi 71 
'l5 3' 45 
0 13 1 
0 
0 
0 
1 
0 
0 
2 
1 
0 
0 
0 
0 
0 
0 
4 
0 
2 
0 
0 
0 
0 
0 
1 
2 
5 
2 
1 
0 
0 
0 
104 21 
84 ffi 
107 ffi 
58 77 
S9 &; 
200 1n 
261 128 
51 45 
58 74 
0 1 
0 
0 
0 
2 
1 
2 
4 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
31 
112 
61 
55 
101 
108 
173 
45 
E9 
0 
0 
0 
0 
0 
3 
4 
5 
0 
0 
0 
Haloragis 
8 1 
6 4 
3 3 
5 2 
17 9 
9 0 
2 1 
18 12 
0 2 
2 5 
0 
Rumer 
3 1 
0 0 
0 0 
0 0 
2 0 
2 2 
0 1 
0 0 
0 0 
0 0 
0 
5 
7 
6 
11 
4 
2 
4 
7 
4 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
1 
2 
2 
3 
7 
6 
1 
2 
6 
3 
1 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
7 
3 
5 
3 
1 
7 
6 
7 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
2 
9 
12 
8 
3 
7 
4 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
6 
3 
5 
2 
8 
11 
3 
2 
0 
0 
0 
1 
0 
3 
0 
0 
0 
0 
0 
0 
7 
4 
1 
4 
2 
9 
1 
4 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
5 
0 
1 
3 
1 
1 
7 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
2 
3 
1 
3 
1 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
7 
2 
4 
8 
6 
5 
3 
3 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
8 
2 
12 
4 
8 
8 
11 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
1 
4 
2 
6 
2 
3 
1 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
7 
6 
4 
2 
4 
2 
10 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Plantago 
10 1 
5 10 
8 7 
9 5 
8 12 
15 3 
15 13 
11 0 
1 2 
0 2 
0 
14 4 5 
11 14 20 
6 10 9 
5 16 6 
5 7 2 
17 6 14 
11 16 19 
Z2 10 13 
10 2 7 
6 1 2 
5 18 14 
20 13 19 
9 11 14 
11 2 3 
11 9 5 
13 6 10 
10 9 2 
5 11 5 
3 0 3 
0 0 0 
Restionaceae I Centrolepidaceae 
1 0 
3 6 
2 2 
5 0 
2 10 
3 6 
7 1 
3 6 
0 0 
0 1 
0 
1 
3 
6 
2 
4 
4 
0 
3 
1 
0 
1 
4 
4 
3 
2 
1 
9 
5 
0 
0 
3 
8 
5 
0 
4 
0 
0 
1 
0 
0 
3 12 
4 7 
9 9 
0 2 
2 6 
8 6 
5 4 
2 1 
0 0 
1 0 
10 
9 
5 
2 
0 
5 
0 
0 
0 
0 
Z2 5 8 
21 24 10 
18 2 1 
6 8 11 
7 6 8 
5 2 10 
12 3 13 
9 8 7 
2 3 8 
0 0 0 
0 
7 
3 
4 
1 
2 
5 
1 
0 
0 
0 
6 
2 
5 
1 
2 
0 
0 
3 
0 
6 
3 
6 
2 
2 
8 
2 
1 
0 
0 
9 9 
16 18 
10 11 
5 4 
7 9 
17 7 
2l 8 
6 5 
2 5 
0 0 
8 
7 
5 
2 
1 
9 
2 
0 
1 
0 
2 
1 
6 
2 
1 
4 
1 
0 
3 
0 
6 
2J 
11 
4 
10 
6 
12 
2 
1 
0 
2 
7 
1 
0 
5 
4 
4 
1 
0 
0 
Cyperaceae 
4 2 
2 5 
2 4 
8 6 8 
1 0 1 
1 2 2 
0 1 13 14 2 
7 1 3 5 1 
7 4 5 3 3 
19 5 4 12 26 
17 8 9 8 6 
0 0 
0 2 
0 
5 2 0 
4 1 2 
Scirpus type 
0 0 1 
0 0 0 
0 2 0 
2 1 3 
0 0 0 
0 0 0 
1 2 4 
6 1 0 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
6 
1 
6 
10 
5 
5 
7 
5 
2 
0 
0 
0 
0 
3 
0 
1 
1 
0 
0 
0 
7 
1 
2 
4 
7 
9 
5 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
3 
0 
7 
6 
13 
5 
2 
5 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
4 
0 
1 
9 
2 
8 
10 
3 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
4 4 
1 2 
1 1 
3 1 
5 15 
6 12 
8 7 
5 0 
0 0 
1 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
0 
0 
0 
1 1 
3 1 
11 0 
2 2 
3 9 
35 12 
19 4 
1 1 
0 2 
0 0 
0 
0 
1 
0 
1 
0 
7 
0 
0 
0 
0 
1 
0 
1 
0 
1 
4 
0 
0 
0 
3 
5 
1 
1 
12 
9 
19 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
1 
0 
Apiaceae 
1 0 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Hydrocotyle 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 0 0 
0 0 1 
0 0 0 
0 0 2 
0 0 0 
0 0 0 
0 
l 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
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0 
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0 
0 
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0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
2 
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0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Caryophyllaceae 
0 0 2 1 
2 1 0 1 
0 0 0 0 
0 0 
2 0 
0 1 
1 0 
0 0 
0 0 
1 0 
0 
Loudonia 
0 0 
0 0 
0 1 
5 0 
1 1 
3 0 
0 0 
0 0 
0 0 
0 0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
2 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
2 
1 
0 
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0 
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Wahlenbergia 
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Liliaceae 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
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0 0 
0 0 
0 
Typha 
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Triglochin 
1 0 
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0 1 
4 0 
4 0 
1 0 
7 9 
0 0 
0 0 
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0 
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0 
1 
2 
6 
0 
0 
0 
Myriophyl/um 
0 0 0 
0 0 0 
0 0 0 
1 0 2 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 
4 0 
0 3 
2 2 
2 1 
3 1 
2 0 
2 10 
2 1 
0 0 
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Potamogeton 
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0 0 
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Phyllocladus 
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